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A STUDY OF DIETARY FACTORS, ALCOHOLIC CONSUMPTION AND 
LABORATORY FINDINGS IN 100 PATIENTS WITH HEPATIC 
CIRRHOSIS AND 200 NON-CIRRHOTIC CONTROLS 


By Atonzo Y. Ousen, M.D. 
ASSISTANT CLINICAL PROFESSOR OF MEDICINE 
LOS ANGELES, CALIFORNIA 


From. the Departments of Medicine and Pathology, University of Southern California 


School of Medicine, and the 


RecentLy 900 autopsy records of 
patients with cirrhosis of the liver 
coming to autopsy at the Los Angeles 
County Hospital have been reviewed 
by Hall, Olsen, and Davis'*. The lack 
of detailed information concerning the 
dietary and alcoholic histories was so 
striking that a separate study was 
undertaken in order to obtain these 
details from living cirrhotic patients. 
By way of control the dietary regimens 
and aleoholic habits of 100 non- 
cirrhotic patients from the author's 
private practice and 100 non-cirrhotic 
patients from the Los Angeles County 
Hospital, have been used for compar- 
Iso! 

Method. One hundred patients in the Los 
Angeles County Hospital with the diagnosis of 
cirriosis of the liver by clinical, laboratory 
and in some instances, biopsy findings were 
examined interviewed. Cases were 
exclided in which there was a doubt con- 
cer ng the etiology of any of the major 
oms or signs of cirrhosis. 
cific questions were asked concerning 
the “ind and the amounts of alcoholic bever- 


ages consumed, and the duration of such 
addi tion. 


F act alcoholic consumption was difficult 
tain. Many would deny drinking on 


‘ Los Angeles County Hospital) 


first questioning. A few admitted they would 
drink anything, even “smoke”, a thinner for 
paints and varnish. Alcoholic persons are 
more likely to underestimate than overesti- 
mate their consumption'. Variations in the 
size of drinks, and different percentage of 
alcohol in whiskey, make necessary the use 
of such vague terms as “alcohol in modera- 
tion”, “heavy drinkers”, or “alcoholism”. Al- 
coholism was considered present if there was 
a daily consumption of at least 1 quart of 
wine, 6 glasses of beer, or 6 ounces of 
whiskey®?. 

Specific questions were asked concerning 
the daily intake of the essential foods as out- 
lined by Watson®’, MacBride?!, and Pelner*”. 

If it was denied that meat was eaten daily, 
it was asked if eggs, fish, poultry, nuts, or soy 
bean preparations were eaten on those days 
This procedure of questioning was followed 
concerning each of the essential foods. When 
it was felt the basic food or its substitutes 
were lacking it was recorded as a deficiency. 
A stereotype answer was, “I eat poorly when 
drinking.” 

Information about the patient's diet was 
also. difficult to obtain and when obtained 
was frequently of doubtful accuracy. As 
Dauphinee and Sinclair? suggest, an inquiry 
should extend to the growing and pre-disease 
period. Such attempts were soon given up as 
too impractical and unreliable with the group 
of patients being interviewed. 


Results. Fifty-seven of the patients 
were males, 43 females: 71 were Cau- 
(477) 
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casian, 1S Mexican, 9 colored, 1 Italian, 
and 1 Chinese. Thirty-five were poorly 
nourished, 30 were fairly well nour- 
ished, 26 were well nourished, and 9 
were obese. 

The ages ranged from 28 to 76 years, 
the greate st incidence falling be ‘tween 
40 and 50 years. 

The majority of patients consumed 
a mixture of alcoholic drinks, although 
27% stated they drank wine only, and 
24% whiskey only (Fig. 1). In 78% the 
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The greatest number of patients (45% 
were deficient in a combination ot 
protein and vitamin B foods. No defi- 
ciencies were elicited in 23% of the 
patients, and in 13% no history was 
obtainable. 

The protein and vitamin B_ food 
deficiencies were so marked in these 
patients with cirrhosis that it was d 
cided that a comparison with defi- 
ciencies occurring in other 
might be revealing. 


illnesses 


Number of Patients 


02 
Se 


Beer 


Beer and wine 


Beer and whiskey 


Beer, Wine and 
whiskey 


Wine and whiskey 


Whiskey 


Wine 


History unobtain- 
able 


Denies 


Fic. 1.—Alcoholic beverages consumed. 


amounts averaged from 1 pint to 1 
quart daily. One patient stated that 
he drank 1% gallons of wine daily for 
4 years, plus some beer and whiskey. 
One patient stated that he had drunk 
1 pint of gin daily since childhood, 
another that he drank wine like water. 
The number of years of heavy drink- 
ing varied from 5 to 50 years, the 
greatest number of patients ‘had been 
drinking for 15 to 25 years. 

The greatest deficiencies were in the 
vitamin B foods, being present in 60% 
of the patients. This includes 25% that 
were deficient in all the essential foods. 


One hundred cases (62 females, 35 
males) from the author's private prac- 
tice files were selected at random. Ages 

varied from 16 to 79 years and repre- 
sented a wide range of illnesses. Vita- 
min B deficiencies were also greatest 
here, but only 20% as compared with 
60% in the cirrhotic group. None was 
deficient in all of the essential foocs. 
as compared with 25% in the cirrhotics 
Protein foods were lacking in only 5%. 
as compared with 45% in the cirrhotivs 
There were no deficiencies in 25%, as 
compared with 23% in the cirrho ic 
group. 
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A similar group of 100 non-cirrhotic showed deficiencies similar to the pri- 
patients (60 females, 40 males) from vate practice group in protein and B 


the Los Angeles County Hospital 
analyzed in the same manner, 


was complex foodstuffs (Table 1 and Fig. 
and 2), 


Patients 


Lo Private Non-cirrhotic 


30 


Number of Patients 


20 = 
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Fic. 2.—Deficiencies of the basic 
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foods in cirrhotic and non-cirrhotic patients. 
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Alcoholic drinks were taken only 
occasionally or in moderation by 24% 
of the private practice patients. The 
low incidence is partly explained by the 
greater number of females (62%) in 
this group. Alcohol consumption was 
heavy in 5% and moderate in 41% of 
the non-cirrhotic Los Angeles County 
Hospital patients. In the cirrhotic 


group, 78@ were heavy and 14% mod- 
erate drinkers. 


TABLE 1 


Cirrhot 


All essential foods 2 
Protein and B complex 20 
B complex only l 
Protein only 0 
Essential foods other than 

B complex and Protein t 
Denies Deficiencies 


Alcoholic consumpt ion 


History unobtainable 13 


TABLE 2 
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SUMMARY OF DIETARY DEFICIENCIES AND ALCOHOLIC CONSUMPTION 


Ex pre sved in perce ntage 


CS 


hea 


ALCOHOL CONSUMPTION, DIETARY 


DIETARY FACTORS 


present in 50%; however, 28% had com 
plicating infections, and other causes 
No cause for leukocytosis except 
hepatic pathology was found in 22% 
The 22% all showed jaundice, except 
for 1 patient. Watson*’ states that in 
“alcoholic” jaundice 
there is a group of cases that show a 
neutrophilic leukocytosis for which no 
other cause can be found. Since jaun 


cirrhosis with 


dice in these patients is almost invari- 


Von-cirrhoties 


Private Patients 


Non he fies 


L.A Patients 


0 0 
2 2 
26 Is 
$2 14 
63 
0 0 
(heavy 0 (heavy 
moderate?) 41 (moderate 24 (moderate 


DEFICIENCIES AND SYMPTOMS 


\s NOTED BY VARIOUS AUTHORS 


Ex pre ssed in percentages 


Pate k 


Ratnoff 


Kimball 


Olsen Post Patek etal et al. 
Alcohol consumption 92 jt 87 77 79 
Deficiencies 64 78 Sl 
Jaundice 63 65 63 25 SO 
Ascites 67 78 89 93 77 
Esophageal varices 22 27 24 4 29 
Spider angiomata 48 33 OS (2 7 
Edema 61 SO 
Hepatomegaly 86 75 SI 79 SU 
Splenomegaly 16 +4 70 55 Is 


SYMPTOMS, SIGNS, AND LABORATORY 
IN THE Crrranotic Group. The 
major signs and symptoms presented 
by the cirrhotic group were: hepa- 
tomegaly, ascites, jaundice, edema, 
spider angiomata, and hematemesis 
(Table 2). 

There was anemia in 60% of the 
cirrhotic patients. A leukocytosis was 


ably accompanied by focal necrosis 
of the liver, this would explain the 
presence of leukocytosis’®. 

The albumin:globulin ratio was 
versed in 58%. Non protein nitrogen 
was determined in 48 patients a d 
was elevated above 40 mg. per 100 c. 
in 11. 


Clinical jaundice occurred in 63% of 
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PION 
Thymol Turbidity in Units 
3.58 patients (68%) of 85 cirrhotics showed a thymol turbidity above 4 units. 
Number of Patients 
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66 patients (80%) of 79 cirrhotics showed a cephalin flocculation above normal. 


12 


Number of Patients 


S$ & 8 


Prothrombin Time in Per Cent 


patients (80%) of 66 cirrhotics were below 70% prothrombin time. 
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the cirrhotic patients, although icteric 
indices were above 15% in 72% of the 
patients. Of the 79 patients in whom 
icteric indices were done, 76 (92.2%) 
were above § units. In 68.2%, thvymol 
turbidity was above normal, and in 
$3.5% the cephalin flocculation test was 
high (Figs. 3 and 4). In 66 patients in 
nl prothrombin time was done, 53 
(80.3%) were below 70% (Fig. 5). Was- 


TABLE 38. SUMMARY OF LABORATORY 
DATA (Peres ntages 


(nemia 60 
Leukocy tosis 22 
Albumin: globulin ratio reversed 58 
Non-prot. Nitrogen increased 20 
leteric indices increased 92 
Thymol turbidity increased G2 
Cephalin flocculation increased — 83 
Prothrombin time increased sO 
Wassermann reaction positive 17 
Urobilinogen increased 77 


sermann reaction was positive in 17%. 
The bromsulphalein test was  de- 
termined 8 times and was elevated 
each time. Bile was noted in the urine 
in 33 patients. Urobilinogen was de- 
termined on 36 patients and was 
elevated above normal in 28 instances. 
Laboratory data are summarized in 
lable 3. 

Splenomegaly was found in 16%. 
Probably a much greater percentage 
would have been obtained if the tech- 
nique of Stoll** for determining en- 
largement of the spleen had been 
known and followed at the time of 
the examination. Bockus? states that 
the spleen must be 2 or 3 times its 
normal size before it can be palpated 
at the rib margin. Splenomegaly is 
difficult to demonstrate when the 
abdomen is distended by fluid and 
gas. Because of difficulties in physical 
examination the incidence of spleno- 
megaly reporte at is greater 
than that observed i n living patients. 
Palmar erythema was found in 10%. 
Skin lesions indicative of a vitamin 
deficiency were found in 20%. Gyne- 
comastia was noted in 30% of the males. 
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\lcohol consumption, dietary defi 
ciencies, and symptoms are compared 
with the findings of others who hav« 


0,28,29.3 


made similar investigations* 
(Table 2) 

Discussion. Alcoholism causes loca! 
inflammatory and degenerative changes 
of the dige ‘stive system. Alcohol causes 
gastric hyperemia and _ irritation, first 
stimulating and then inhibiting secre 
tions. Long continued use results in 
chronic catarrhal gastritis, achlorhydria 
and enteritis. This frequently results in 
anorexia, vomiting, gastric hemorrhage 
abdominal distension, and = diarrhea! 
28,31,33 

Alcoholic addicts notoriously de 
velop nutritional deficiencies and ele 
trolyte imbalances. There is poor 
intake of food; vomiting and diarrhea 
Most of the calories consumed ar 
obtained from the non-nutritional alco 
holic beverages**. When 1 gm. of alco 
hol is oxidized in the body to carbon 
dioxide and water it furnishes 
calories to be used by the body fo: 
energy, and energy only. It is not 
stored in the body, nor does it build 
new tissue™. One pint of whiskey 
containing 50% alcohol, furnishes 2000 
calories. Thus in the alcoholic a high 
intake of such calories contributes 
to a poor appetite'’. Gastro-intestinal 
abnormalities, particularly gastritis 
achlorhydria, and enteritis also caus: 
anorexia and alteration in the metab 
olism of essential food elements. Thus 
closely related to alcoholism are neu 
ritis, pellagra, beri-beri heart, and 
cirrhosis of the liver?7**, 

It is frequently asked, why does on 
man who has been a daily consume! 
of alcoholic beverages for many vears 


reach a ripe old age and succumb with: 


no inflammatory or  degenerativ: 
changes due to the use of alcohol 
while another man, in early adult life 
suffers impairment of one organ o 
another after a comparatively shot 
use of the same _ intoxicants? Ther 


: 
( 
t 
( 
( 
( 
. 
I 
| 
rr 
( 
4 


One 
met 
ears 


with 


itive 
life 
1 0 
her: 


OLSEN: 


must be a constitutional predisposition, 
an original inferiority of an organ, 
plus the economic status, and the nu- 
tritional state. that makes such = an 
individual susceptible to the effects of 
alcohol** 

Hall and Morgan'* attempt — to 
answer this question. They state that 
20 to 25 years of drinking, with a 
lowered intake of foods and vitamins. 
alter the metabolism of protein and 
fat, decrease glycogen within the liver 
cells and increase the fat content. The 
liver is thus made vulnerable to mild 
hepatic poisons such as alcohol. They 
conclude that there is an individual 
idiosyneracy coupled with a lowered 
intake of tood and a deficiency of cer- 
tain vitamins which injure the liver 
cell so that a mild hepatic poison pro- 
duces the changes seen in cirrhosis. 
Others have emphasized the role 
fatty. metamorphosis in producing 
hepatic fibrosis"'*. Boyd' states that 
low protein intake associated with 
deficiency of the vitamin B complex 
leads to liver necrosis followed by 
periportal cirrhosis. Others have also 
suggested that hereditary liability and 
dietetic factors render the liver vulner- 
ible to mild toxic substances such as 
cohol and to virus infections which 
result liver 
Our findings seem further to substan- 
tiate evidence both experimental and 
linical, which suggests that portal 
irrhosis has as its basis a multiple 
utritional deficiency, chiefly of  pro- 
‘cin and the B complex foodstuffs. and 
that aleohol is probably a_ significant 
indirect causative factor insofar as it 

uses faultv dietarv habits* 

19.24.25 ,26,29 

The above findings suggest that im- 

ovement in prognosis may be 

onght about by the application of 
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the therapeutic concepts laid down by 
Patek** which consist principally of 
diet rich in protein and vitamin B 
complex. This has recently been well 
outlined by Dauphinee and Sinclair’. 
Patek et al2®, Ratnoff®? and Morri- 

Summary. One hundred patients 
with portal cirrhosis of the liver were 
interviewed and examined. Our find- 
ings, with minor variations, coincide 
with those of others who have made 
similar investigations. 

One hundred non-cirrhotic patients 
from private practice of similar age 
groups and 100 non-cirrhotic patients 
in the Los Angeles County Hospital 
were interviewed as to alcoholic con- 
sumption and dietary — deficiencies. 
Alcoholic drinks were taken only oc- 
casionally or in moderation by 94% of 
the private practice patients. Alcohol 
consumption was heavy in 5%, and 
moderate in 41% of the non-cirrhotic 
Los Angeles County Hospital patients. 
In the cirrhotic group, 78% were heavy, 
and 14% moderate drinkers, according 
to their own statements. 

The most common dietary deficien- 
cies consisted of a combination of pro- 
tein and vitamin B complex foodstuffs, 
which occurred in 45% of patients. 
while 15% were deficient in B complex 
only. There was thus a B complex 
deficiency in a total of 60%. This figure 
is probably low, as no history was ob- 
tained from 13. patients. It was felt 
that it was significant that there was 
a combination of protein and vitamin 
B complex deficiency in the non-cir- 
rhotic groups of only 5% and 6% respec- 
tively, as compared with 45% in the 
cirrhotic group. 

Nutritional deficiencies and alcohol 
as factors in the etiology of cirrhosis 
of the liver are discussed. 
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PARKINSONIAN TREMOR, MANIC-DEPRESSIVE PSYCHOSIS 
AND SERVOMECHANISMS 


By 
BEVERLEY HILLS, 


Tut mechanisms underlying Parkin- 
sonian tremor well as manic- 
Cepressiv psychosis are still largely 
obscure. ‘Lhe hypotheses presented 
here with regard to their mechanisms 
are offered in order to suggest certain 
wnalogies between phenomena trom 
the field of the exact sciences on one 
hand and the biological sciences on 
the other, as well as between neural 
functions on different levels of inte- 
vration. 

Wiener, McCulloch and a number of 
other forward looking scientists‘-** 
lave recently proposed a new ap- 
proach to the solution of problems in 
physiology, psychology, sociology and 
many other related fields by applving 
to them some of the principles of con- 
trol- and communication-engineering., 
lhey suggest the name “cybernetics” 
tor this compound science. 

The following is an attempt in the 
same direction, that is, the presenta- 
tion of hypotheses for the mechanism 
{ certain functions and dysfunctions 
f the nervous system by applying to 
them some principles of so-called 
ervomechanisms. 

One example for such an analogy is 
varkinsonian tremor, neurological 
lisorder on the lower levels of central 
utegration, that is, predominantly be- 

ween the spinal cord and the basal 
inglia. Another example is manic- 
epressive psychosis, a psychiatric dis- 
rder on the predominantly highest. 
ie cortical level. 

Servomechanisms are devices de- 
gned to serve specific purposes of 
mtrol or communication, such as 
ermostats, automatic pilots air- 
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pianes, mathematical computers and 
any others, Considering the purposes 
tor Which such servomechanisms are 
designed, it seems useful to distinguish 
two kinds: One has as its main task 
the computation of data from intorma- 
tion fed into it. It Maat be a device to 
solve mathematical problems, cal- 
culate the position and the firing time 
of anti-aircraft: guns, or to locate a 
speeding submarine. Because its goal 
is varying, changing and frequently 
moving, we may call this kind ot 
servomechanism a teleodynamic servo. 

The other kind is concerned princi- 
pally with the maintenance of a con- 
dition, such as the level of temperature, 
the steady flow of a gas, a liquid or 
of electricity, the balance of an air- 
plane, or the course of a ship. Since 
its goal is the steadiness of a condition, 
the stability of an equilibrium, we 
mav call it a teleostatic servo. 

The human brain must be consid- 
ered as serving both purposes and 
therefore combining both mechanisms. 
Through teleodynamic mechanisms we 
find our goals in the manifold. situa- 
tions of life, we arrive at equilibria 
with confusing and conflicting environ- 
mental forces. Through these same 
teleodynamic mechanisms we build 
our attitudes, synthesize our egos and 
form our personalities. Through teleo- 
static mechanisms we trv to maintain 
those attitudes and equilibria that are 
the goals and ideals for which we 
live, the roots for our decisions. the 
basis for all behavior and voluntary 
activities. 

The most characteristic element of 
a teleostatic servo is the so-called nega- 
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BARRETT: 
tive feedback, the report from a sens- 
ing or measuring device to the 
regulator about the state or condition 
to be maintained. Such a sensing device 
for the maintenance of a_ straight 
course of a ship may be a compass, for 
the maintenance of a temperature level 
a thermometer or other temperature 
recording instrument. Because of the 
effect of their report upon the regulator 
that corrects and reverses the flow of 
activity under control, it is called a 
negative or inverse feedback. A devi- 
ation from the goal is thus fed back 
to the regulator, which 
How. The momentum carries the activ- 
itv beyond the goal until its inverse 
deviation is again fed back 
and corrected. Like a pendulum this 
oscillation around the goal would go 
on infinitely unless ‘damped” by fric- 
tion. It is important to keep in mind 
that oscillations round the goal are an 
intrinsic, potential part of every bal- 
ancing or maintenance mechanism, or, 
in our terminology, of every teleostatic 
servomechanism. 

The amplitude, the frequency and 
the number of oscillations depend 
upon the construction of the sensing 
device and upon the damping action. 
The instrument de- 
signed to perceive the degree of devi- 
ation in advance and thus permit a 
speedier and more successful correc- 
tion. We employ similar functions in 
driving a car. A beginner will notice 
a deviation too late. He may overshoot 
his correcting movements and send the 
car into a swerving motion. The ex- 
perienced driver will not wait until 
the momentum has carried his car into 
the wrong direction, but will sense the 
deviation in advance. He also knows 
that a certain friction in the steering 
wheel increases the steadfastness of 
the car. The correct amount of friction 
or damping may decrease or eliminate 
oscillations. 

Without going into details of a very 


reverses the 


sensed, 


sensing can be 


PARKINSONIAN 


PREMOR 


mathematical 


compiex highly 
branch ot engineering, we can easily 
see that a well constructed and well 
functioning feedback mechanism may 
avoid the intrinsic 
teleostatic servo, or them to a 
minimum, while its defect will deter- 
mine the duration, rate and degree of 
these oscillations around the de sired 
state. 

We shall now attempt to apply these 
simple observations to certain dysfunc- 
tions of the nervous system. 

PARKINSONIAN TREMOR. 
is also known as static, postural or rest 
tremor and is characterized by about 
1 to 10 alternating impulses per second 
that are 
ished or abolished by 


oscillations of a 
reduce 


This tremor 


and dimin- 
voluntary activ- 


strongest at rest 


itv, in contrast to action or intention 
tremor that occurs only during. voli 
tional movement. A number of facts 


regarding postural tremor are known 
on the basis of experimental and clini- 
cal findings’. 

The so-called mvotatie unit. which 
includes facilitations of svnergists and 
inhibitions of other 
words, all the reciprocal innervations 


antagonists, in 


necessary for the maintenance of pos- 
ture, is a mechanism that is integrated 
on the spinal level". 

The reticular formation caudal to 
the basal ganglia consists of facilitatory 
and_ inhibitory affecting 
the amplitude of movements however 
evoked'*1", It is here, and particularly 
in the lower portion of this reticular 
formation, that one can look for the 
amplification of alternating impulses 
resulting from reciprocal innervation. 

The synchrony of alternating 
impulses, innervating the anterior horn 
cells, is maintained as long as they are 
undisturbed by asynchronous impulses 
due to voluntary movements or from 
any other source. The intactness of the 
whole pyramidal tract has been found 
necessary for certain postural activities 
including postural tremor'®.*%, 
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The extrapyramidal system has 
mainly regulatory functions with re- 
gard to posture, in particular suppres- 
sor functions'*'*, The inhibitions seem 
to have the effect of “damping” the 
oscillations. Ino man the main center 
for such damping inhibitions is appar- 
ently the substantia nigra (zona com 
pacta) and, or, the globus pallidus’. 
In monkeys it may be the mesen- 
cephalic tegmentum below the’ basal 
ganglia’. Stimulation of the basal 
ganglia does not produce movements. 
they are, however, themselves sup- 
pressed by the cortex, since their spon- 
taneous electric discharges are of small 
implitude, while after removal of all 
cortical connections their activities 


show a high voltage. A well-organized’ 


topographical projection seems to exist 
between the cortex and the basal gan- 
glia". Areas Ss, 4s, 2s, and probably 19s. 
ctivate the nucleus caudatus, Ss_ its 
head, 4s its middle region, and 2s the 
tail. Areas 6 and 4 activate putamen 
ud globus pallidus 

Deficiency of the principal “damp- 
ing” centers mav make the oscillations 
destruction of still 
“higher” structures, such as the cortico- 
nigral or cortico-pallidal fibers of the 
so-called parapyramidal tract, mav thus 
release other vicarious suppressor areas 
1 still intact basal ganglia and there- 
fore exert a favorable influence on the 
tremor, without paralyzing normal 


manifest. The 


iotor functions. 
Such an interpretation of the factors 
leading to Parkinsonian tremor and its 
olition would comply with surgical 
experiences and experimental facts. 
\fanic-DepressiveE Psycnosis. This 
ental disorder is presented here as 
defect in the teleodvnamic and teleo- 
itic adjustment mechanisms of an 
lividual to his environment. These 
justment mechanisms cannot be ex- 
‘ined in this brief paper, but an 
empt to do this somewhat compre- 
nsively has been attempted by the 


same author in 2 articles'*, abbrevi- 
ated treatises preliminary to a book, 
The Biology of Human Motivations, 
that is still in preparation. According 
to this author's viewpoint, the process 
of coping with the variety of changing 
forces of our surroundings involves the 
teleodynamic mechanisms of finding 
attitudinal equilibria with these forces 
and the teleostatic mechanisms of 
maintaining them. By equilibria is 
meant the whole of an individual's at- 
titudes toward the different environ- 
mental forces. 

The teleodynamic mechanism of 
finding, or of the computation, of such 
attitudinal equilibria signifies the ego- 
synthesis or personality formation. 
Obviously this process is a slow one in 
which innumerable factors of exoge- 
nous and endogenous nature play a 
part. 

The teleostatic mechanism of main- 
taining these attitudes in the face of 
changing varying stimulations 
from the surroundings, in particular 
with regard to the social or personal 
environment, contains, like every other 
teleostatic mechanism, the predispo- 
sition and condition for oscillations 
ronnd the goal. in this case for “per- 
sonality tremor”. 

It is the function of the feedback 
mechanism that determines whether 
only one deviation from the desired 
state occurs, or whether this deviation 
is followed by an overshooting in the 
opposite direction, or whether a whole 
series of oscillations occurs. 

Since the process of attitude and 
personality formation is very slow, a 
personality tremor must be correspond- 
ingly slow. As so manv factors plav a 
part in this process, it is understand- 
able that the oscillations may in some 
cases be regular and in others quite 
irregular. We know that all these evcles 
actually take place in manic-depressive 
psvchoses and that the individual at- 
tacks may last a few weeks or a vear. 
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or, on the average, a few months". 

The manifestation of this disorder 
would thus have to be subject to an 
analysis in every single case. This pres- 
entation merely pomts out the tact 
that all forms of clinical cyclothymia 
or manic-depressive psychosis can be 
explained along the lines of this pro- 
posed hypothesis. 

Discussion. Among the most. out- 
standing features of the manic state 
may be mentioned: A general hyper- 
activity; strong reactivity to environ- 
mental stimulation and lack of con- 
centration, leading to flightiness of 
thought; lack of criticism and = con- 
sciousness of the self; lack of inhibition. 

The depressive state is characterized 
by the opposite features: Too much 
concentration on and concern about 
the self; indifference towards the en- 
vironment and, in extreme cases, 
stupor and neglect of the environment 
and the self*. 

The synthesis of coordinated reac- 
tions and attitudes to the environment 
must be regarded as a cortical func- 
tion. The above mentioned activities 
seem to point predominantly in the 
direction of the frontal association 
areas. In particular the rostral cingular 
and the orbito-frontal cortices have 
heen associated with general activity 
and with social behavior'®'*-2°:2!, The 
concern with the self and other funce- 
tions in connection with self-conscious- 
ness have been traced to the base of 
the frontal lobes by Freeman and 
Watts®. who also think that the frontal 
lobes mediate functions of foresight 
and insight, that is, the essentials of a 
critical attitude. 

Studies of the effect of “psvchosur- 
gery. such as the 1000 British leuco- 
tomies® will no doubt contribute to our 
knowledge of the anatomy and _physi- 
ology of behavior. 

If we believe that depressions are 
caused by too much concentration on 
the self, and the frontal lobes are con- 


cerned with self-consciousness, the 
change of such preponderant conduc 
tion patterns by frontal lobotomies 
would explain the excellent success of 
this operation, which, according to 
studies such as the above®, or those 
of Van Wagenen'*, is considered 
“specific for depressions”. Here experi 
mental facts seem to correspond with 
theory. 

As for the mechanism of the oscilla 
tions round the desired state, or the 
“personality tremor” constituting ma- 
nic-depressive psvchosis according to 
this hypothesis, it should be kept in 
mind that it is mainly the alternating 
changes that have a similarity with 
postural tremor because both disorders 
ure considered to be based on teleo 
static svstems. Even these alternating 
changes occur in only a fraction. of 
manic-depressive disorders. In most 
other respects there are more differ- 
ences. than. similarities between the 
two dysfunctions. As has been stated. 
postural tremor is a feature of the 
lower levels of central integration 
while manic-devressive psvchosis is 
one of the higher levels. 

Concerning the mechanism of the 
oscillations. rest tremor seems to be 
mainly the result of defective damp 
ing. There are damping inhibitions too 
in the adiustment processes to the en- 
vironment. Thev are to a large extent 
produced by the teleostatic mechan 
isms of society, such as education and 
law enforcement. 

There is sufficient evidence from 
animal experimentation, as well as 
from the results of surcical operations 
in man, that there are also anatomi- 
cally defined structures in the brain 
that deal with inhibitions of thoucht: 
and overt behavior. Lesions of thes 
structures by surgery or certain de 
generative pathological processes ot 
the central nervous system may caus¢ 
an impairment of inhibitions. How 
ever, the lack of damping inhibition 
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is probably not the only factor for the 
appearance of cyclothymic disorders. 


The construction of the sensing devices 


in teleostatic systems also plays a part 
in the occurrence of oscillations. 
sensing correspond — in the 
brain with the structures and conduc- 
tion patterns mediating the perception 
of our activities, selt-criticism. 
insight and foresight, in other words 
functions which have also been traced 
frontal lobes and which are the 
teleodynamic functions of finding atti- 
tudes and equilibria and of discove ring 
the deviations from them. 

It is likely that a defect in 
teleodynamic functions is at the 
root of cevclothymic disorders, besides 
the lack of inhibitions. 

This analysis is obviously presented 
not as the solution of problems but 
only in the hope that the pursuit of 
this train of thought m: iv provoke in- 
quirv. 
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Summary and Conclusions. In order 
to expiain the mechanisms ot Parkin- 
sonian tremor and manic-depressive 
psychosis, analogies have been applied 
between these central 
nervous system and certain principles 
from the field of control- and com- 
munication-engineering. So called ser- 
vomechanisms have been divided into 
teleodynamic teleostatic types. An 
intrinsic feature of teleostatic mecthia- 
nisms is the oscillation round the goal 
or desired state, which becomes mani- 
fest as the result of defects of the feed- 
back systems. 

Parkinsonian or rest tremor has been 
explained as mainly from 
lesions in damping inhibitors in the 
basal ganglia, manic-depressive psv- 
chosis as the result of defects in the 
formation of attitudinal equilibria, the 
maintenance of which belongs to the 
essential adjustment mechanisms of an 
individual to his environment. 
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EFFECT OF DESOXYCORTICOSTERONE AND ASCORBIC ACID ON 
RHEUMATOID ARTHRITIS® 


By W. E. James, M.D. 
R. C. Litrite, M.D. 


AND 


N. P. Soumway, M.D. 
CLEVELAND, OHLO 


(From the Department of Medicine, Western Reserve University, and the Medical Service 


Department of Medicine and Surgery, Veterans Administration Hospital) 


Dramatic clinical improvement in 
patients suffering from rheumatoid 
arthritis given 5 mg. of desoxycorti- 
costerone intramuscularly followed by 
lL gm. of ascorbic acid intravenously 
was reported by Lewis and Wassen in 
November, 1949'!. Since then conflict- 
ing reports concerning the efficacy of 
this combination of agents have ap- 
However, controlled 
and obiective studies have not been 
published, and for this reason we 
undertook a study under such con- 
ditions in 5 patients with rheumatoid 
arthritis who had been under observa- 
tion for a considerable period of time. 
Thus it was possible to evaluate any 
change in their progress attributable 
to a specific therapeutic procedure. 

No physician treating patients with 
rheumatoid arthritis today is unaware 
of the interest aroused in these people 
bv the reports in the lay and scien- 
tific press of the rapid remissions 
induced by ACTH and cortisone. As 
a conseauence, any change from the 
usual arthritis routine is greeted with 
interest and the patients eagerly look 
for any evidence of improvement. 
Because we had observed what we 
thought to be a rather dramatic re- 


sponse in one of our patients to a 
test injection of desoxycorticosterone 
and ascorbic acid, we felt that it would 
be essential to the successful evalua- 
tion of the treatment to make ou 
observations as objectively as possible. 


Method. The patients were continued on 
their usual therapy of analgesics as required 
physiotherapy and the ward routine of graded 
activity. The diet was changed from a house 
trav to one in which the sodium content was 
maintained at 8 gm. per day as NaCl: this 
represented little reduction from the standard 
diet but did insure against intake above that 
level. Observations of weight, fluid intake and 
output, and blood pressure were made daily 
In addition, the impression of the physician 
as to the patient's emotional status, objective 
changes in the joints, and measurements by 
goniometer of a major affected joint, wer 
recorded. Prior to therapy, an electro 
encephalogram, roentgenograms consisting in 
a 6-foot P.A. of the chest for cardiac diameter 
and a film of one major joint, and photographs 
with a double exposure technique demonstrat 
ing full extension and flexion of an invoived 
joint, were made. At weekly intervals thes« 
were repeated, if changes were observed, and 
all were obtained at the termination of the 
treatment period. 

Complete blood counts together wit! 
hematocrits and sedimentation rates 
made every other day. Twice weekly serun 
sodium, potassium, uric acid, sugar an 
ascorbic acid levels were obtained. Once 
week the response of the blood eosinophil 


* Reviewed in the Veterans Administration and published with the approval of the Chic 
Medical Director. The statements and conclusions published by the authors are the result o 
their own study and do not necessarily reflect the opinion or policy of the Veterans Admin 


istration. 
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DESOXYCORTICOSTERONE 


to the injections was determined, together 
with an estimation of the ratio of urinary 
uric acid/creatinine excretion in the 2 hour 
period before medication and the 4 hour 
pe riod immediately following. The amount of 


17 ketosteroids in a 24 hour urine’ was 
determined once weekly. 
Medication. Stoppered bottles, labeled 


only by number, were prepared in the hos- 
pital pharmacy, one series containing 100 mg. 
of ascorbic acid per cc., a second containing 
normal saline, a third containing 5 mg. of 
desoxycorticosterone in 1 ce. of sesame oil, 
and a fourth containing 10 mg. of cholesterol 
in 1 ec. of sesame oil. These were issued to 
the wards without either the nurses or the 
physicians knowing their contents. At 8:00 
each morning the oily solutions were 
administered intramuscularly by the nurse, 
and between 5 and 10 minutes later the 
ascorbic acid or saline was given intraven- 
ously by the doctor. The key to the combina- 
tion of drugs was known only to one of us. 
Four weekly periods were studied, with the 
following combinations: Period A. 5 mg. 
desoxvcorticosterone and 10 cc. normal saline; 
period B. 10 mg. cholesterol and 10. ce. 
normal saline; period C. 10 mg. cholesterol 
and | gm. ascorbic acid; and period D. 5 mg. 
desoxveorticosterone and 1 gm. ascorbic acid. 
Case Reports. Case 1. C. B., a 33-year-old 
white male, developed aching in his feet in 
October of 1947. He was hospitalized in 
August, 1948, and treated with salicylates, 
gold, and intravenous typhoid vaccine. In 
spite of this therapy, he became progressively 
with involvement of both elbows, 
hands, shoulders and jaw. His joints became 
red and painful, and he developed psoriatic 
skin lesions on his legs and toes. He was trans- 
ferred to this hospital on April 12, 1949. 
Physical examination at that time showed 
a markedly underweight male with general- 
ized muscular atrophy. The knees, ankles, 
wrists and elbows were enlarged, tender, 
warm and painful. Motion was limited. Dorsal 
surface of hands showed marked atrophy and 


a.m. 


worse 


fusiform swelling of the fingers. 
edimentation rate was 28 mm. and 
Roentgen-ray films showed severe poly- 


ular rheumatoid arthritis. 
uring his hospitalization he has been 
physiotherapy, salicylates and suppor- 
ti measures without relief or improvement. 
H was placed in the study group and no 
im \rovement was observed. 

‘se 2. C. G., a 57-year-old white male, 
de: loped swelling and pain in his ankles and 
le! knee in April, 1949. This became progres- 
si. ‘vy worse and his hands, elbows and shoul- 
de became stiff and sore. He was treated 


AND ASCORBIC ACID 49] 
with gold, blood transfusions, physiotherapy, 
intravenous procaine and salicylates with only 
slight improvement. He was admitted to this 
hospital on November 3, 1949. 

Physical examination showed a well de- 
veloped male with thickening of elbow and 
wrist joints, swelling of the proximal inter- 
phalangeal joints of both hands and slight 
swelling of both ankles and wrists. 

Sedimentation rate was 36 mm. 

The patient received physiotherapy, salicy- 
lates and the usual ward care. There was 
little improvement noted. He was placed in 
the study group and no response was observed 
to the therapy. 

Case 3. F. M., a 56-year-old white male, 
noted gradual onset of stiffness and pain 
in most of the joints 14 years ago. It pro- 
gressed to involve, ultimately, most of the 
joints of the body. The pain was increased 
by motion and weather change. In_ the 
recent months, most of the pain has been 
in the knees, shoulders, and neck. 

Physical examination revealed a_ well 
developed, moderately well nourished white 
male. There were marked joint deformities of 
both upper extremities, with limitation of 
motion, and ulnar deviation at the wrists and 
in the fingers. Flexion contracture of both 
hips was present. Both knees were swollen; 
motion was limited and was accompanied by 
marked crepitation. 

Sedimentation rate 
hour. 

The patient was placed on the usual rou- 
tine of physiotherapy and salicylates. With 
this therapy and traction he showed very 
gradual but slight improvement. He was 
placed in the desoxycorticosterone and 
ascorbic acid study group for a 4-week period. 
There was no improvement. 

Case 4. A. N., a 45-year-old white male, 
had the onset of swelling and pain in the toes 
of feet in March, 1947. Within 1 month and 
progressively thereafter the hands, fingers, 
knees and ankles became involved: subse- 
quently the pain involved all joints. Treat- 
ment prior to admission to this hospital in 
April, 1949, had included antibiotics, a course 
of typhoid induced hyperpyrexia and one 
injection of gold. 

Physical examination on admission showed 
all the joints to be involved. The knees were 
slightly swollen and tender. Motion was lim- 
ited. The ankles were tender with limited 
motion. Toes were ankylosed. The fingers 
were flexed at the metacarpal phalangeal 
joints. The wrists were ankylosed with ulnar 
deviation. The elbows were indurated and 
tender. Motion of the right knee by gonio- 
meter was 175° to 50° (See Figs. 1 and 2). 
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Patient A.N. Double exposure photograph of right 


leg 


in 


full extension and _ full 


flexion. Motion 100° Taken Jan. 23, 1950, prior to treatment. 


Patient A.N. Photograph of right leg. Motion 105° 
week of DOCA and _ ascorbic 


Taken Feb. 28, 1950, after on 


acid. 
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PABLE |. -CASE ALN. SUMMARY OF CLINICAL OBSERVATIONS AT BEGINNING AND 
END OF EACH STUDY PERTOD 
Periods B ( dD 
Days 7 1 7 7 1 7 
Weight 136 138} 1373 138} 137 137} 13s 137} 
Motion rt. knee 170°-50 175° W75°-S0 175° 175° 50° 1702 170° 50 
Swelling 24 24 24 2+ 24 24 24 24 
Mental Euph Euph Euph Euph Euph Euph Kaph 
Cardiac dia Chest dia 13.2/29.7 1 7/394 14.5/20 
Period At5 mg. desoxyeorticosterone and 10 ce. normal saline 
B:10 mg. cholesterol and 10 ce. normal saline 
mg. cholesterol and | gm. ascorbic acid 
D:5 mg. desoxycorticosterone and | gm. ascorbic acid 
PABLE 2. CASE ALN. SUMMARY OF LABORATORY OBSERVATIONS AT 
BEGINNING AND END OF EACH STUDY PERIOD 
Periods A dD 
Sed. rate 16 32 32 33 37 22 28 31 
Hematocrit 3S 3S $2 3S 3S 3Y 
5900 6200 6700 6000 5850 7900 7100 7400 
Neutrophils SI 67 32 62 
Lymphocytes Is 32 32 26 24 
Monocytes 2 9 
17 KS mg. 24 hr 15.4 7.0 9 86 
NA m.Eq L 144.5 144.5 145.5 147.0 142.6 145.8 145.9 
K L 3.95 6.6 5.33 6.05 44 4.41 
Uric acid mg. 100 ce 5.0 61 6 61 3.68 20 6.16 
Sugar mg. 100 ce 71 65 aa.8 70.2 
Uric acid Creatinine + 40°, +335, - 50°, 
Laboratory studies: See Table 2. Physical examination showed a well devel- 
The patient received salicylates, physio- © oped and fairly well nourished white male 
therapy, and 300 mg. of gold. However, this — who stood in a stooped position, due to con- 
had little or no effect. He was placed in the — tractures, and could not walk without help. 
special study with — desoxycorticosterone — Both knees were swollen but not reddened or 
wetate and ascorbic acid. During the 4 weeks — hot. They were painful on motion, and both 
of treatment there has been no essential felt doughy. The hands showed slight thick- 
change in his condition (Table 1). ening of the metacarpal phalangeal joints 
Case 5. K. J., a 58-vear-old white male. with limitation of motion. There was limita- 
began to have pain in the left foot and knee tion of motion in the right shoulder. The 
in the fall of 1947. He then developed pain motion in the right knee, as measured by 
in the right knee, right ankle, and metacarpal goniometer, was 155 to 70°. 
arches. The pain was considerably worse in Sedimentation rate was 24 to 40 mm. in 
bad weather. He was hospitalized in March, | hour. 
1948, when he was given deep diathermy, The patient was placed on physiotherapy 
snd 1000 mg. of gold. This alleviated the and given salicylates; with this treatment he 
pain to a sufficient degree so that he was — slightly improved. He was placed in the 
able to work. He apparently developed no study group and there was no subjective or 
toxic symptoms from the gold. The pain objective improvement during the _ total 
became progressively more severe recently, period. 
and therefore he sought hospitalization. He 
ter one was admitted to this hospital i November 3, Results. None of the patients dem- 
1949. onstrated any significant response to 


s 
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the combinations of the drugs admin- 
istered. One patient (A. N.) felt that 
he had benefited somewhat from the 
treatment but stated that this improve- 
ment was associated with the begin- 
ning of the period of observation and 
presumably was a_ psychological re- 
sponse to the 7 cial attention of the 
study group. Table and photographs 
summarizing the .clinical and labora- 
tory data on this patient are included 
to demonstrate the methods of obser- 


vation; the data from all 5 patients 
were similar. 
Of interest is the fact that there 


was no significant physiological effect 
from desoxycorticosterone in the 5 
mg. dosage used. 

Discussion. Since the original pub- 
lication by Lewin and Wassen of their 
observations on the beneficial effects 
of this treatment, there have been 15 
reports of the — of various 
authors. Improvement of a greater or 
less degree has been it, d for 179 
patients, chiefly rheumatoid arthritics. 
and failure of response noted in 43. The 
reports available have been 
meager as to details of selection. 
methods of control and observation. 
and case descriptions. As a 
quence, any 


very 


conse- 
attempt at analysis of 
the results of other observers would 
be purely speculative. However, it 
is difficult to reconcile our own com- 
plete failure to observe improvement 
in any of our patients with the enthu- 
siastic reports of several authors. Lox- 
ton and LeVay"*. as a result of obser- 
vations made on several of their 
patients, offered as an explanation for 
the failure to obtain a_ satisfactory 
therapeutic effect by other workers. 
the administration of the desoxycorti- 
costerone subcutaneously rather than 
intramuscularly. This criticism was 
kept in mind by us and the desoxycor- 
ticosterone was therefore given deep 
into muscle tissue. Similarly the 
authors!? considered that the 


same 
failure 
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ot Spies et al.'* to obtain a response 
was due to a limitation of salt intake 
with a consequent change in the reac- 
tivity of the “end organ”. We — 
this possibility was controled our 
study by the maintenance of a anal 
level of electrolytes in the bloods of all 
our patients during the observation 
periods. The salt int ake was not unduly 
restricted as compared to the normal 
diet of this hospital. 

G. Brownlee! on the 
vations made on 


basis of obser- 
rats the for- 
maldehyde arthritis technique of 
Selve'? concluded that quantities of 
desoxycorticosterone in excess of an 
optimal amount competed with the 


using 


natural “anti-arthritic steroid” for as- 
corbic acid and the arthritis 
worse. He suggested that Spies and 


failed to obtain im- 
provement because their dosage of 10 
mg. of 


his co-workers 


desoxveorticosterone supplied 


an excess of the hormone. The dosage 


used in our study was at the 5 mg. 
level suggested by the original au- 
thors: the failure to demonstrate 


weight gain or hypernatremia is in 
our opinion good evidence that in the 
amounts given there was no demon- 
strable physiological effort from the 
material, and it is very doubtful that 
even at the 10 mg. level as used by 
Spies an excessive quantity of hor- 
mone is supplied to the normal indiv- 
idual with intact adrenals. 

Fox® defined rheumatoid arthritis as 
a clinical entity characterized by a 
prodromal period of fatigue, migra- 
tory pains and muscle. stiffness, vaso- 
motor disturbances tachycardia. 
Anorexia and weight loss soon follow 
and the diagnosis is made when joint 
involvement with swelling, pain and 
limitation of motion develops. There 
is an increase in the sedimentation rate 
and usually a microcytic anemia. It 
is in this groun that he suggests a 
trne hormone deficiency exists and in 
which benefit from hormone therapy 


| 
| 
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can be expected. He states that from 
a study of 30 cases he has evidence 
supporting this concept, together with 
observations indicating that failure to 
improve can be expected those 
patients with arthritis not associated 
with the rheumatoid syndrome, since 
in them no hormonal deficiency exists. 
Our 5 patients were all typical cases 
of rheumatoid -arthritis fulfilling most 
or all of the above criteria. Failure 


occurred in all 5 and we must conclude 
that desoxycorticosterone and ascorbic 
acid in combination is not adequate 
replacement therapy for an effective 
steroid. 

Conclusion. Under carefully con- 
trolled conditions of treatment no 
beneficial effect from desoxycorticoster- 
one and ascorbic acid was demonstra- 
ted in 5 patients with rheumatoid 
arthritis. 


The authors are indebted to Mr. David Lubin, Veterans Administration Hospital, Cleveland, 
Ohio, for the photographs taken in the study and the suggestion of the double exposure tech- 


nique. 
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STUDIES OF PALMAR HAND SWEAT IN HEALTHY SUBJECTS AND 
IN PATIENTS WITH NEUROCIRCULATORY ASTHENIA (ANXIETY 
NEUROSIS. NEURASTHENIA, EFFORT SYNDROME) WITH A 
DESCRIPTION OF A SIMPLE QUANTITATIVE METHOD 


By E. Conen, M.D. 
BOSTON, MASSACHUSETTS 


From the Cardiac Research Laboratory and Medical Clinic 


Massachusetts General Hospital 


and the Department of Medicine, Harvard Medical School) 


EXCESSIVE moisture of the palms has 
been regarded, traditionally, as a sign 
of “nervousness” and as an indicator 
of “stress”. It has also been de- 
scribed as a feature of neurocircula- 
tory asthenia (anxiety neurosis, neu- 
rasthenia, effort syndrome 20,28 
*3.34° The clinical statements have been 
based on clinical observations, or on 
non-quantitative or indirect estimations 
of palmar sweat. Some of the state- 
ments about “mental sweating” are 
based on the results of complex 
quantitative methods?®. It was deemed 
necessary to devise a method that 
would be both quantitative and simple 
for studying amounts of palmar mois- 
ture. The method finally used consisted 
of weighing, on a sensitive analytical 
balance, the amount of moisture ab- 
sorbed by an absorbing unit from the 
palm of the hand‘. This report de- 
scribes the details of the method and 
some of the measurements by this 
method of palmar sweat in healthy con- 
trol subjects and_ in patients | with 
neurocirculatory asthenia. 

Methods and Procedure. Technique of 
Measuring Palmar Moisture. Briefly, this 
technique included weighing on a chemical 
balance a good quality blotter of specified 
size and composition, placing it on the palm 
for | minute, and then weighing again. The 
amount of gain of weight of the absorbing 


* Work supported by research grant from the Medical Department, U 


unit (blotter) is referred to as the amount 
of palmar “moisture” or “sweat” per absorb- 
ing unit and minute. 

projection-reading analytical balance, 
Christian Becker Chainomatic No. 911, was 
used®®, Tt was damped, and read to .0OO1 gm 
on an illuminated scale. The damping and the 
illuminated scale provided for rapid weigh 
ings: the former eliminated prolonged swing 
ing, and the latter eliminated the — time 
required for adding additional weights for 
the second weighing. 
units were blotters (120 
pound index paper coated on one side, whit 


The absorbing 


on white) cut commercially into squares of 2.2 
inches by 2.2 inches (5.6 x 3.6 cm.), the area 
of the absorbing surface was about 31.6 cm? 
and the thickness of the blotter about .5 mm 
Blotters from the same lot were used over 
a period of 6 vears and were stored in a 
covered paper box under room conditions 

The absorbing units (blotters) were placed 
on a watch glass on the balance, the weights 
were arranged so that the initial and _ final 
weighings were on the positive side of the 
illuminated scale. The absorbing units weighed 
about 1.1600 gm., there being a_ variation 
from that average weight of about + 15 mg 
The blotter was picked up by forceps and 
placed on the palm of the patient's hand with 
the examiner manipulating the coated side. 
The blotter was stroked and pressed gently 
against the palm for | minute as determined 
by an accurate stop-watch. The blotter was 
immediately transferretl by forceps to the 
balance, and weighed again. ‘The difference 
between this weighing and the initial one 
was referred to as the weight of hand sweat 
or palmar moisture. The transfer and reading 
were done as quickly as possible, the average 


. S. Army; with the 


cooperation of the Veterans Administration. This work was done with the technical assistance 
ot Jane R. Brown, Mary L. English, Alice E. Dash and Eleanor W. Reed. Dr. Jane Worcester 


advised on statistical methods. 
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time for a reading being about 15 seconds, 
ibout LO seconds of which were used by the 

balance in coming to equilibrium, In ‘some 
observer did both manipulation 
ind weighing, in others one observer manipu- 
lated the blotter and the other did the weigh- 


Ing 


tests one 


The subject sat in an easy, chair, palms 
supine for 5 minutes, before the procedure. 
temperature was recorded, The rela- 
tive humidity was determined by means of 
a sling psychrometer and values recorded 
were from standard tables!s, 

Patients and Control Subjects. The patients 
were 33 neurocirculatory 
isthenia who had been under psychiatric or 
medical care In service hospitals. They were 


Room 


mien diagnosed 


ll in military service. Their mean age was 
26.79 Criteria for diagnosis in— this 
group described 
Fhe patients were sent to this laboratory for 
special study. 

Healthy control subjects consisted of 54 
nen in military service who were sent to the 


vears. 


have been 


lcboratory tor special study as control subjects. 
Their mean age was 23.74 vears. 

In addition, 30 men who were hospital 
worke TS Were Lise d as controls In order to test 
the possible influences of familiarity with hos- 
pital surroundings and procedures on this 
letermination, as the men in this group were 
familiar with this hospital while the members 
# the above 2 groups were not. This group 
neluded (plumbers, 
sheet-metal workers, steam-fitters, electricians, 
velders) and physicians (medical students, 
raduate students, internes staff phy- 
icians). The group Was 


maintenance workers 


mean age of this 
29.5 vears 
Procedure reported determinations 
ere made in the laboratory under ordinary 
room conditions. 
Studies included estimating the variations 
iu weight and size of blotters, estimating the 
peed of making the determination, determin- 
ng the speed of evaporation of moisture from 
he absorbing unit, testing for possible gain 
of weight of the absorbing unit from. the 
\wniner’s fingers, evaluating possible effects 
room conditions, that is, temperature and 
lative humidity, on the measurements by 
timating the these 
temperature 


correlation between 


easurements and room 
lative humidity2!.22. 
Determinations of hand sweat were made 
patients and in control subjects under sim- 
ww laboratory conditions; measurements of 
cht and left hand moisture were done in all 
bjects. The mean values of the hand sweat 
the initial determinations were calculated, 
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and the difference between the means of 
various groups were compared statistically 
from calculations of the standard error of the 
difference between means!7-2% The mean 
values of determinations of hand sweat of the 
right and left hands were compared in each 
group and the results were analyzed. statis- 
tically, comparing both the differences within 


each of the 3 groups of patients and the dift- 
ference between right and left hands of one 
group compared with that of another group. 
A significance ratio of 2 or over, correspond- 
ing to odds of about 20 to 1 or over=9, was 
considered significant. 

Determinations of values of hand sweat in 
other conditions were made, and a few of 
_these determinations in special conditions in 
which hand sweat is of special interest were 
included in this report in order to add a 
broader clinical base-line to the evaluation 
of the technique and its possible usefulness. 


Results. THose TO THE 
TECHNIQUE OF MIEASUREMENT. Variation 
in weight of absorbing unit. The mean 
weight of 30 blotters was 1.1594 gm.; 
the range was 1.0834 to 1.1864 gm. 
with a standard deviation of + .020661 
gm. and a standard error of + .00384, 
coefficient of variation 1.80. Twenty 
consecutive blotters showed a mean 
deviation from the previous one used 
of +.0146 gm. 

Variation in area of absorbing unit. 
Thirty blotters were measured and the 
area of each blotter calculated. The 
mean width was 5.59 cm. and the mean 
height was 5.65 cm. The mean area 
was 31.57 em.*, the range was 30.52 to 
32.49 cm.*, the standard deviation was 
+ 52, the standard error .09, the co- 
efficient of variation 1.65. 

Variation in thickness of absorbing 
unit. Thickness of 30. blotters was 
measured with a micrometer caliper 
(Brown and Sharpe, No. 11, graduated 
to .0O1 mm). The mean thickness was 
0.535 mm., the range 52 to 56 mm., 
the standard deviation + .01 mm., the 
standard error ~ .002, and the coeffi- 
cient of variation 1.79. 

Time required for weighing. In 20 
tests the time required for removing 
the blotter and making the weighing 
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averaged 14.5 seconds; an average of 
10.0 seconds of this time was required 
for the balance to reach equilibrium. 

Evaporation from the blotter. Some 
tests demonstrated that each blotter 
loses a significant part of its moisture if 
allowed to stand on the balance for 
10 minutes and indicate that weigh- 
ings done with this technique should 
be done promptly. 

Fig. 2 shows that in | test more than 
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half of the moisture was lost in 10 
minutes. Fig. 3 shows the loss of mois- 
ture after 3 different tests and that the 
curve of evaporation can be charted on 
a straight line logarithmic function. 
These measurements suggested that the 
time (15 seconds ) required for weigh- 
ing did not account for much evapora- 
tion. An unused blotter, weighed for 
10 minutes under usual weighing con- 
ditions, weighed .0008 gm. less at the 


Fic. 1.—Position of the blotter on the right palm, showing that the blotter covers the distal 
elevations of the palm adjacent to the interdigital clefts 
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Fic. 2.—Weight of a blotter which after absorbing sweat is weighed every % minute for 10 
minutes. The 15 seconds required for making the reading is not crucial but too much delay in 
making the reading would introduce a gross inaccuracy. 
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end of that period, dropping about 
0001 gm. per half-minute period. 

Does the examiner's hand add mois- 
ture to the blotter? Four different ob- 
servers were tested to determine if 
stroking the back or coated side of the 
blotter added an appreciable amount 
of moisture to the blotter. No moisture 
was added, as determined by weighing, 
when a blotter was place ‘don a hand 
encased in a dry rubber glove, the ob- 
server stroking the back of the blotter 
as in the usual test. 


STUDIES OF 


PALMAR HAND SWEAT 199 


This applies only to the experiment- 
ers tested. It is possible that some 
individuals may have finger tips suf- 
ficiently moist to introduce moisture 
even on the coated non-absorbent side. 

Testing the possible influence of room 
conditions (that is, room temperature 
and relative humidity) on the results 
of measurements. Table 1 presents data 
of palmar sweat and room temperature 
and relative humidity for the 3 groups 
of subjects studied. Nineteen patients 
with neurocirculatory asthenia were 


PABLE |. RESULTS OF INITIAL MEASUREMENTS OF PALMAR SWEAT 


i Patients with Neurorireulatory 
Isthenia 


Weight of Laboratory Weight of 
Palmar Sweat Conditions Palmar Sweat 
Khand Lihand Temp. Wumidity R hand hand 

4 Mos Is 4 
Is 20.1 12.1 12.5 
210 13.8 21.0 
moo wii Is 4 13.7 
248 20.9 
20.4 
$6 0 qa 1! 111 
rie 12.2 7 4} 23.0 23.1 
29.1 7 iS 114 
7 is 21.5 

sO 16.3 22 6 
i7 SO 206 5 

74 th to 4 
7 so 45 46 
23 $2.7 
22.7 74 $5 27 .4 $3.0 

24 wn 
73 74 a6 25.0 
10 74 114 2.4 
28 .9 74 17.3 19.3 
0 S7 69 

0 10 6 SI 9.3 
145 75 17.3 

23.6 

| Mean 9.9 11.8 
22.9 30.7 

17.3 9.3 

Nove | 13.0 

palmar sweat weights are in the 17.5 19.7 
ts: mg. absorbing unit and minute 14.7 14.2 
oratory conditions: ‘Temperature 29.1 25.9 
n degrees F., relative humidity is in 3002 31.5 
centage 10.3 10.3 
© mean ages of the 3 groups are 17.6 14.4 
ents with neurocirculatory asthe 24.0 20.4 
268; healthy controls, 2% 7: 16.9 14.5 
Ithy hospital workers, 20 5 6.5 6.0 
10.1 40 

10.8 11.5 

12.3 i0.0 

10.0 3.9 

49 9.0 

19.5 13.7 


Healthy Controls 


0 Healthy Hospital Workers 


Laboratory Weight of Laboratory 
Conditions Palmar Sweat Conditions 
Temp. Humedity Ki hand Temp. Humidity 
11.9 wo 72 

44 4.7 
74 73 33 
74 6.2 73 
74 1 12.45 73 33 
74 47 i4 73 33 
74 Bil +1 73 33 
74 71 77 
74 9.7 9.5 71 V7 
74 36 | 2.1 7 tis 
jl 7.4 S.6 is 
Tt jt 75 
7t | 11.2 15.3 75 5a 

3S 75 

11.2 ren 

75 

wo 134 

wo 11.3 ri) 
7 7.1 16.3 79 37 
5.3 ri) 37 
7 91 14 79 37 
7 w 28.7 26.7 37 
76 3.4 4.2 75 
7H 34 3.5 4.2 SI 41 
7h 44 SS 92 
7b 34 
7h 34 91 96 (Mean) 

Note 2 


The values of hand sweat per absorbing 


7s 36 unit and minute were not signific -antly 
7s Bin different in patients as compared with 
7s 36 comparable healthy control subjects. 
7S 36 The mean values of both, however, 
73 46 differed significantly from those of 
73 46 healthy hospital workers. The signiti- 
73 46 cance ratios (t. ¢., the differences be- 
73 45 tween the means divided by the stand- 
73 46 ard error of the differences between 
75 66 those means) are: healthy controls vs. 
75 66 patients with neurocirculatory asthenia 
7h 6 right hand .49, left hand 1.61: 
75 66 healthy controls vs. healthy hospital 
77 45 workers— right hand 5 22, left hand 
77 45 4.77; healthy hospital workers ve. pa- 
77 45 tients with neurocirculatory —- — 
77 45 right hand 4 61, left hand 5 

77 45 


10 
y in 
23.8 26.0 
Is 0 17.0 (Mean) 


studied with room temperature aver- 
aging 76.6 F, with a range of 74 to 
85°F. Correlation coefficient between 
palmar sweat values (mean of right 
and left hands) and room temperature 
was —.46. This was not. statistically 
significant". 
Mean relative humidity for the meas- 
urements of this group was 45.53; cor- 
relation coefficient between palmar 
sweat and relative humidity was —.48; 
this is significant at the .05 level, as 
compared with .443, and not at the .02 
level, as compared with .503'. 
Forty-three healthy control subjects 
were studied under room conditions 
with temperature averaging 75.3°F and 
relative humidity 44.1. The correlation 
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asthenia were 19.1 mg. sweat per 
absorbing unit and minute for the right 
hand, and 20.5 mg. for the left hand. 
Individuals showed, in general, that 
measurements of the right and left 
hand were in fair agreement. Statisti- 
cal constants for this group are in 
Table 2. 

Healthy control subjects. Table 2 
shows the values of measurements in 
54 healthy control subjects who were 
brought in for examination, as were 
members of the neurocirculatory as- 
thenia group. The mean values are 18.0 
mg. of sweat per absorbing unit and 
minute for the right hand and 17.0 for 
the left hand. The right and left hands 
showed values at the same level in 


TABLE 2.—SUMMARY OF RESULTS 


DiTERMINATION OF HAND anp Lert oF St Wien 
NEUROCIRCULATORY ASTHENIA, OF HEALTHY CONTROL Stubs ECTS AND OF 
WorkKERS 


Means and calculated statistical constants 


Standard Standard fh rent 
Group Vo Means-( mg. Deriation Error af Variation 
R R R / R 
Neurocirculatory 
Asthenia 33 1 2.5 +10 85 +10 48 +189 56 80 351 12 
Healthy controls Is 17.0 55 + 8.68 £1.68 99 16 50 76 
Healthy hospital 
workers 30 96 = §.53 +106 +101 64.07 57 60 


coefficients between palmar sweat and 
these factors were —.23 and —.18 
respectively and are not. statistic: 
significant. Thirty healthy hospital 
workers were studied under room 
conditions averaging a temperature ot 
72.5°F and a relative humidity of 50.1. 
The correlation coefficients between 
these factors and palmar sweat were 

32 and —.23 respectively and were 
not significant. 

RESULTS FROM TESTS ON PATIENTS 
AND Controu Supyecrs. Patients with 
neurocirculatory asthenia. Table 1 
shows that the mean values of the 
initial determinations of hand sweat 
for patients with neurocirculatory 


most cases. Statistical constants for this 
group are in Table 2. 

Healthy hospital control subjects. 
Table 2 shows the results of measure- 
ments in the healthy hospital control 
subjects. The mean of measurements 
for the right hand was 9.1 mg. pet 
absorbing unit and minute, 9.6 for the 
left. Statistical constants for this group 
are shown in Table 2. 

Comparisons between mean values 
for hand sweat of patients with neuro 
circulatory asthenia, healthy control 
subjects and healthy hospital workers 
Fig. 4 shows the individual values for 
palmar sweat of the right hand in pa 
tients with neurocirculatory asthenia 
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that the mean or these 
values is almost the same as that of the 
healthy control subjects. The slight dif- 


and shows 


ference is not. statistically significant, 
significance ratio In contrast, 
both the neurocirculatory asthenia 


group and the healthy control group 
show significantly higher means than 
that of the hospit al control group— 
significance ratios were 4.61 and 5.22 
respectively. 

The same type of results was ob- 
tained in measurements of the left 
that is (Table 1) the neurocir- 
culatory asthenia nts andthe 
he althy controls showed means which 
are not significantly different (signifi- 
cance ratio 1.61), while they both differ 
from the healthy hospital control group 
significance ratios being 5.44 and 
1.77 respectively. ) 

This suggests that the patients and 
controls from outside the hospital 
showed moist palms in the initial test 
while the workers accustomed to the 
hospital and its procedures did not. 

Comparison of amounts of palmar 
sweat of the right and left hands. Table 
| presents the data for measurements 
of right and left hands for each patient. 
In 33> patients with neurocirculatorv 
asthenia the mean of the right hand is 
19.1 mg. per absorbing unit and min- 
ute. for the left 20.5. The difference 
between the mean of the right and left 
hand measurements is not statistically 
ignificant; the standard error of this 
lifference was + 1.5, the significance 
ratio was .93. There was an obvious 

irrelation between the right and left 
sweat values. correlation co- 

ficient .767. which statistically 

nificant, sionificance ratio 5.5. 

In 54 healthy control subiects. the 

ean value for the right hand was 18.0 

«. of sweat per absorbing unit and 

inute, for the left hand 17.0. This 

ference was not significant, as the 
indard error of this difference was 

34. the significance ratio was 1.85. 


hand, 


Was 
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The correlation coefficient between 
individual right and left hand values 
was .892, which was statistically sig- 
nificant; significance ratio was 10.2. 

In 30 healthy hospital workers, the 
palmar sweat of the right hand was 
9.1 mg. per absorbing unit and minute, 
for the left hand 9.6; this difference 
(Table 2) was not statistically signifi- 
cant, the standard error of this differ- 
ence was 0.49, the significance ratio 
1.2. The correlation coefficient between 
palmar sweat of right and left hands 
was .908, which was significant; signifi- 
cance ratio was 7.9. 

The difference between the differ- 
ences of right and left hand sweat were 
not significant (significance ratios were: 
neurocirculatory asthenia cvs. healthy 
controls, 1.5; neurocirculatory asthenia 
vs. healthy hospital workers, 
healthy controls vs. healthy hospital 
workers, .69. ) 

These data and calculations show 
that there was no difference in the 
means of right and left hand palmar 
sweat values for right and left hands 
in each group, that the individual val- 
ues for right and left hand palmar 
sweat were highly correlated, and that 
the differences between values of right 
and left palmar sweat of one group do 
not significantly differ from those dif- 
ferences the other groups. 

Measurements of hand sweat in other 
conditions and under varuing circum- 
stances. This section will report on 
some observations that are related to 
the nossible usefulness of the method 
in other conditions and under varying 
circumstances. 

Twelve cases of thyrotoxicosis were 
studied. Thev showed a mean value of 
21.4 me. of sweat per absorbing unit 
and minute for the right hand, 22.2 
mg. for the left. 

A patient with hyperhydrosis showed 
values of 60.8 mg. per absorbing unit 
and minute for the right hand, 53.1 
mg. for the left hand. A second study 
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on this patient showed values in the 
right hand of 53.0 mg., in the left hand 
of 57.5 mg. 

A patient who had had right sym- 
pathetic ganglion denervation a year 
before showed a value of 5.1 mg. per 
absorbing unit and minute in the right 
hand, in contrast to 23.5 mg. in the left 
hand. 

Two patients and 2 control subjects 
had measurements made over a 9-day 
period. Table 3 shows that the values 
decline for each patient during this 
period, but that the highest subject re- 
mains highest and the lowest remains 
lowest. 

Table 1 lists room temperature and 
room relative humidity along with 
values of palmar sweat for different 


902 COHEN: STUDIES OF 


PALMAR HAND SWEAT 


patients. Fig. 5 shows palmar sweat 
values in one individual studied under 
varying conditions of room temperature 
and room humidity. There is no related 
change of palmar sweat to match the 
rising room temperature and_ rising 
relative humidity as charted in this 
figure. 

These data suggest that if the room 
temperature and room relative humid- 
ity are factors which influence palmar 
moisture, their effect is not an obvious 
or strongly determining one under 
usual conditions. Results of observa- 
tions on the possible relations of other 
factors to palmar moisture will not be 
described in this report. 

Discussion and Speculation. This re 
port describes a simple method tor 


TABLE 3. VALUES OF PALMAR SWEAT IN A 9 DAY PERIOD 


Palmar Sweat mq. absorbing unit and minute 


Patient I 


Day R 5 R 
] 28.2 30.6 22.7 
31.9 $1.5 24.4 
7 23.0 
31.4 29.3 19.0 
9 15 4 206 12.3 


Patient I1 


Control I Control 11 


R R / 
9 7.7 «18.0 
78 ‘6 5.3% 
9 1038 166 
9 68 6.2 4.9 


oO 2 3 


4 


6 a 10 


—TIME IN MINUTES—> 


Fic. 3.—The evaporation of moisture from blotters in 3 different tests. The diminishing weights 
are plotted on a logarithmic scale, and when so plotted the curve approximates a straight line 
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N.C. A. HEALTHY HOSPITAL 
PATIENTS CONTROLS HEALTHY 
33 54 CONTROLS 
30 

hic. 4.—Patients with neurocirculatory asthenia and healthy control subjects who are outsiders 
to the hospital environment do not differ significantly from each other in amount of hand 
sweat when tested in the laboratory, but both groups differ significantly in their initial tests. 
amount of hand sweat from healthy control subjects who are accustomed to the hospital and 

laboratory environment. 
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«. 5.—The palmar sweat of 1 individual under varying environmental conditions of room 
mperature and relative humidity. There is no obvious relation between amount of palmar 
sweat and either the temperature or the relative humidity of the laboratory. 
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measuring amounts of sweat over vari- 
ous portions of the skin and its specific 
use in measuring palmar sweat. It 
should be pointed out that this tech- 
nique, as described here, has certain 
limitations and certain advantages. 
Some of the obvious limitations are as 
follows: The determinations were done 
in the laboratory since no method had 
been developed to allow tor transpor- 
tation of the blotters to the laboratory 
without evaporation, and transporting 
a sensitive balance of the type used 
was somewhat impractical. As yet no 
studies have been made which show 
precisely what is absorbed or what pro- 
portion of that which might be absorbed 
is actually absorbed. Until such studies 
are done in detail the method depends 
on the assumptions that the moisture 
absorbed is for the most part sweat 
and that the absorbing unit takes up a 
significant and fairly regular amount of 
that sweat which is present. The test 
as described here did not attempt to 
differentiate the sweat which was on 
the hand at the beginning of the test 
from that which was formed during the 
minute when the blotter was applied. 
The possible influences of environmen- 
tal factors such as effect of room, 
temperature, relative humidity, rest 
period before test, food before test, 
effects of washing and drving hands 
had not been worked out completely at 
the time these studies were made: and 
obviously such knowledge is necessarv 
if studies from different laboratories 
are to be compared. For the purpose 
of the determinations made in the pa- 
tients here it was desired to have no 
special preparation for the test. 

~The vurvose of this study was not. 
it should be emphasized, to describe 
the physiology of palmar sweat but to 
provide a technique for measuring the 
phenomenon that clinicians describe as 
“moist palms.” The advantages of the 
method are that it is simple. quantita- 
tive, takes very little time, uses an in- 
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strument of precision for the measure- 
ment, and, tinally, measures directly 
what the investigator wishes to meas- 
ure, that is, the clinical phenomenon 
of moist palms. Also, amounts of sweat 
from other parts of the body, such as 
sole of the foot or forehead may be 
measured by this method. 

It is of historical interest that using 
filter paper as an absorbing unit for 
sweat was described in animal experi- 
mentation!’ and was described as “labo- 
rious and subject to so large an experi- 
mental error that it cannot be used to 
detect differences not immediately ob- 
vious to the naked eve”. It is believed 
that the method described here is not 
laborious and that it can quantitate a 
phenomenon objectively which cannot 
be quantitated but can be estimated 
with a reasonable degree of accuracy 
by a careful clinician. For instance, one 
of the great observers of all time! 
wrote: 

“But oh, what a clammy hand _ his 
was! as ghostly to the touch as to the 
sight! I rubbed mine afterwards. to 
warm it, and to rub his off. 

“It was such an uncomfortable hand. 
that, when I went to my room, it was 
still cold and wet upon mv memory.” 

And further: 

“T found Uriah reading a great fat 
book, with such demonstrative atten- 
tion, that his lank fore-finger followed 
up everv line as he read, and made 
clammy tracks along the page (or so 1 
fully believed) like a snail.” 

Other simple methods for detecting 
small amounts of sweat have been 
those that depend on adding a  sub- 
stance to the skin which changes color 
in the presence of moisture!**7 or using 
a specially prepared paper which 
changes color the presence of 
sweat**, These methods are simple and 
useful; thev are not. for the purpose 
described in this report, quantitative or 
direct measurements of amounts of 
sweat. Other methods have regarded 
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“palmar galvanic skin reflex” as 
synonymous with “palmar secretory 
activity’ without the necessary crucial 
data to show that one is, in fact, a 
quantitative measure of the other!!!” as 
the terminology, based on assumption 
and little actual correlated observa- 
tion, implies. It is not clear, as yet, 
whether this assumption is true or 
not,'*""!, Quantitative methods appli- 
cable to measuring the amount of small 
amounts of sweat!” and for the chemi- 
cal analysis of small amounts of sweat 
have been described?**" and are appli- 
cable for securing more detailed and 
precise chemical information. 

The data show here that the first test 
of the amount of palmar moisture in 
patients with neurocirculatory asthenia 
revealed no excess of palmar moisture 
when they were compared with com- 
parable he althy control subjects who 
were also strangers to the laboratory 
and to the hospital environment. This 
suggests that the discovery of moist 
palms at first physical examination can- 
not be used as a useful feature of diag- 
nosis in neurocirculatory asthenia. This 
may imply a contradiction with other 
observers! but it should 
be emphasized that these authors pre- 
sented either impressions with no data 
or clinical data which showed that 
some patients with neurocirculatory 
asthenia had moist palms but did not 
present data on comparable control 
subjects. It is of interest that from 
observations” made at the selective 
service board on 100 selectees of var- 
ious clinical manifestations including 
palmar sweat, it was concluded that 
excessive palmar sweat was practically 
universal under those circumstances 
ind occurred in healthy men as well 
is in men with “neurosis”. This corre- 
sponds with a popular belief that moist 
alms may be present during students’ 
ral examination, interviews for jobs, 
vr under other circumstances, such as 
luring examination by a_ physician, 
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without signifying neurocirculatory as- 
thenia, anxiety neurosis, neurasthenia, 
or effort syndrome. 

Nothing was learned in this study 
about the purpose of “palmar sweat.” 
It has been alleged that its purpose is 
to prepare for muscular activity’® or 
other “aspects of adaptive behavior’. 
In the absence of verbal communica- 
tion from the sweat glands about their 
purpose it seems well to rely on obser- 
vations and to omit unfounded specu- 
lations, no matter how plausible. 

Routine clinical examinations on a 
series of patients with neurocirculatory 
asthenia® revealed that 57.7% of 71 pa- 
tients with chronic neurocirculatory 
asthenia had excessively moist palms 
in contrast to 42.8% of 56 healthy con- 
trol subjects. This difference in pro- 
portion was not significant; significance 
ratio was 1.7. Sweaty axilla was re- 
corded in 37% of 72 patients with 
chronic neurocirculatory asthenia, as 
compared with 15% of 55 healthy 
control subjects. This difference — in 
proportions was significant, the 
significance ratio was 2.95 A study 
that does not take neurocir- 
culatory asthenia and anxiety neu- 
rosis as such*? reports on the pres- 
ence of excessive palmar sweat, using 
a color technique. It states that in gen- 
eral more hospitalized neuropsychia- 
tric cases showed an “intense response” 
of palmar sweat than did other pa- 
tients or hospital personnel. In addi- 
tion, 83% of all 1160 hospital patients 
showed a “strong” or “intense re- 
sponse”: 84% of 100 “neuropsychiatric 
patients” showed the same. This was 
in contrast to 32% of 71 hospital work- 
ers who showed the “strong” or “in- 
tense” response, and indicates a con- 
trast between general and neuropsy- 
chiatric patients considered as a group 
on the one hand, and hospital workers 
as the other group. Certain similarities 
between those data and the observa- 
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tions and conclusions of this study are 
suggested. 

It is quite possible that on repeated 
tests the patients of this study might 
show differences as compared with 
healthy control subjects, or that pa- 
tients ‘might consistently show higher 
values while the control subjects re- 
turned to normal limits, or that the 
patients reactions to various stimuli 
or situations might be excessive. No 
data, however, are reported here that 
prove or disprove such possibilities, 
the emphasis of this report being upon 
the first test of each subject. 

Finally, the use of a simple test of 
this sort in psychological tests as an 
indicator of “stress” or as a useful tool 


in clinical neurology is to be con- 
sidered. 
Conclusions. 1. The technique . 


measuring palmar sweat by use of < 
blotter and _ sensitive damped 
cal balance is simple, direct and use ful. 
2. The values of palmar sweat of 
right hand and left hand for individuals 
were highly correlated, and there was 
no significant difference between the 
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3. Measurements of palmar sweat 
by this technique show that on first 
examination 33. patients with neuro- 
circulatory asthenia (anxiety neurosis, 
neurasthenia, effort syndrome) have 
measurements (right hand: 19.1 mg. 
of moisture per absorbing unit and 
minute; left hand: 20.5) that do not 
differ significantly from those of 54 
comparable healthy control subjects 
ge hand: 18.0; left hand: 17.0). 

. These groups both differ in this 
re abe from 30 healthy hospital con- 
trol subjects, who significantly 
lower amounts of palmar sweat (right 
hand: 9.1; left hand: 9.6) 

The observation of “moist palms” 
reliable diagnostic of 
neurocirculatory asthenia (anxiety neu- 
effort syndrome ). 
It is concluded that environmen- 


show 


is not a sign 


rosis, neurasthenia, 
6. 
tal factors such as familiarity with the 
surroundings and the procedure may 
materially affect palmar sweat. 
a 2 that the simple 
technique for quantitating 


is believed 


described 


amounts of skin sweat may be useful 


means of measurements of right and in psychological and neurological 
left hand. studies. . 
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THE EFFECT OF AUREOMYCIN ON CERTAIN LIVER FUNCTION TESTS 
AND BLOOD COAGULATION® 
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RicHarp B. Hunter, M.D. 
\SSISTANT RESIDENT IN MEDICINE 
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rEXAS 


(Krom the Bay lor University Hospital 


THAT aureomycin may alter certain 
liver function tests was suggested by 
the laboratory findings in a patient 
who was receiving the drug empiri- 
cally during a febrile illness of unde- 
termined etiology. 

While receiving 2 gm. per day of 
aureomycin in 4 doses of 0.5 gm. each, 
the course of the illness indicated the 
need of liver function tests. The results 
of the determination of stool urobilin- 
ogen, urine bile, and serum bilirubin 
were incompatible in the well estab- 
lished concepts of bile pigment forma- 
tion, transport, and excretion. The stool 
was negative for urobilinogen, uro- 
bilinogen was present in the urine but 
not increased, serum bilirubin was 0.3 
mg. p. 100 ml., and urine bilirubin was 
negative. The cephalin flocculation test 
was 4+. 

As the persistent absence of urobi- 
linogen from the stool would imply 
exclusion of bilirubin from the gut by 
extra hepatic obstruction, this experi- 
ment was done to determine whether 
or not the use of aureomvcin could be 
responsible for the unusual laboratory 
findings. 

Procedure. Accordingly, aureomycin was 
administered to 5 healthy adult males, the 
cral dose being 500 mg. before each meal, 
and 500 mg. at bedtime for a total of 2 gm. 


per day, for at least 7 days, and in some cases 
for 10 days. 


As a report? of aureomycin shortening clot- 
ting time has appeared in’ the literature 
vdvantage was taken of our unusual opportun- 
ity to study clotting time and prothrombin 
time. 

Each morning the following deter- 
minations were done on each of the 
subjects: 1, Stool urobilinogen by the 
Sparkman*® method; 2, Urine urobilin- 
ogen by the Wallace-Diamond® tech- 
nique; "3. Stool bilirubin—qualitative 
technique; 4, Urine bilirubin—Gmelin’s 
method; 5, Serum bilirubin—direct re- 
acting and indirect reacting; 6, Cepha- 
lin flocculation test of Hanger; 7. 
Clotting time by Lee-White method; §, 
Prothrombin percentage by Owren 
method. 

Two days of controls were estab- 
lished before the administration of 
the drug was begun. 

Results. 1. Stool urobilinogen: all 
stools in the control period registered 
amounts within the normal range. 
After 3 days of receiving aureomycin 
the stools of 4 subjects contained no 
urobilinogen. After 4 days, the reading 
was zero on the stools of all 5 subjects. 
all stools remained negative for uro- 
bilinogen throughout the remainder of 
the period of administration of the 
drug, and for at least 2 days after ces- 
sation of medication. Specimens from 
2 of the 5 were negative for a known 
3 davs after cessation of aureomycin. 


* Aureomycin was generously supplied by Dr. Stanton M. Hardy of the Lederle Labora- 


tories, Pearl River, New York. 
( 508 ) 
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2. Urine urobilinogen remained at con- 
trol levels (1:10-1:20) throughout the 
duration of the experiment. 3, Stool 
bilirubin was determined qualitatively 
only. All stools were negative during 
the control period. In each individual 
this test became positive at the time 
that the stool urobilinogen became 
negative. This inverse relationship of 
stool bilirubin—urobilinogen persisted 
throughout the experiment. 4, Urine 
bilirubin: at no time during the control 
period nor during the phase of medica- 
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that of the control period of the aver- 
age clotting time in 4 of the 5 subjects. 
The clotting times, measured to the 
nearest 30 second intervals averaged 
during the control period and_treat- 
ment period respectively in minutes 
were: 9.25 and 15.5; 9.5 and 12.5; 10.7 
and 17.7; 15.5 and 21.3; 16.5 and 16.5. 
8. Daily prothrombin percentages ex- 
hibited somewhat inordinate variations. 
Little significance is attributed to them 
at this time, although they will not be 
dismissed without further evaluation. 


ADMINISTRATION PERIOD 


1. URINE 
UROBILINOGEN 1.10 - 1:20 IN ALL SPECIMENS 
600 
patients 
/ 
UROBILINOGEN = 
100 Se / \ 
= 
2,3 4 § 
i. STOOL BILE 


IV. URINE BILE 
FIG. 1 The 
cation was bilirubin found in any urine 
mples. 5, Serum bilirubin: Direct 
reacting serum bilirubin was negative 
tor all specimens from all subjects. 
‘idirect reacting serum _ bilirubin 
owed minor fluctuations in all sub- 
ts, but no abnormal or significant 
anges. 6, Cephalin flocculation tests 
‘re all negative in all rg cts during 
th periods of the study. 7, Clotting 
t ne determination by the 3 ‘eae? Lee- 
hite method using ordinary glass 
yes revealed a prolongation above 
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CONSISTENTLY NEGATIVE 


Discussion. Aureomycin alters the 
fecal content of urobilinogen in healthy 
adult males. It is believed that this is 
achieved by its action in preventing 
the conversion of bilirubin to urobilin- 
ogen in the intestinal tract. It has been 
noted in this regard that sulfaguana- 
dine exerts a similar but not nearly 
so marked a depression on fecal uro- 
bilinogen’. 

It is suggested that as well as anv 
specific sensitivity of the supposed 
bacteria. involved in urobilinogen 
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metabolism, there is the additional 
factor of appreciable re-excretion of 
aureomycin back into gut via the 
biliarv passages*. Dearing and Heil- 
man have evaluated a wide range of 
chemotherapeutic and antibiotic agents, 
and have found aureomycin to be the 
most effective of all in removing bac- 
teria from the intestinal tract. In spite 
of this, serum and urine bile pigment 
studies remained normal in this series 
of 5 subjects. 

It was not anticipated that urobilin- 
ogen would persist in the urine after its 
formation in the gut had been stopped 
for a number of davs. We must 
therefore consider that 1 of 3 processes 
has occurred: either the Sparkman® 
technique does not detect minute 
amounts of stool urobilinogen; the 
Wallace-Diamond® may give falsely 
positive urine urobilinogen determina- 
tions, or previously reabsorbed uro- 
bilinogen is very slowly excreted, 
giving a positive urine test for an unde- 
termined number of days after produc- 
tion has stopped. 

No evidence was found that bilirubin 
is reabsorbed from the gut. When the 
fecal level Was known to be increased, 
there was no rise in serum bilirubin 
nor did urine bilirubin appear. The 
normal clearing of bilirubin and uro- 
bilinogen by the liver, plus the normal 


cephalin flocculation tests indicate that 
aureomvcin exerts no toxic effects on 
the liver as evaluated by these tech- 
niques. 

The results of this experiment cau 
tion us that the indiscriminate use of 
aureomycin could add to the difficulties 
in the differential diagnosis of the 
cause of jaundice, and of hepatitis 
without jaundice. 

The inherent limitations of the rou- 
tine Lee-White method of determining 
coagulation time are well publicized. 
However, the prolongation of the co- 
agulation times of 4 of the 5 subjects 
should be seriously considered. This 
prolongation is at variance with the 
reported findings of Macht and Farkas. 

Conclusions. 1. Aureomvecin in a dos- 
age of 2 gm. per day in healthy adult 
males will eliminate urobilinogen from 
the stool and cause a rise in stool bili- 
rubin.® 

2, Small amounts of urobilinogen 
persist in the urine when none can be 
found in the stools. 

3. Serum bilirubin, direct or indirect. 
is unchanged with the above findings. 

4. Cephalin flocculation tests are un- 
altered. 

5. Clotting time by the Lee-White 
method is prolonged in 4 of 5 cases. 

6. Prothrombin percentage does not 
show a consistent or significant change. 


* Similar studies are under way using Chloramphenicol (Chloromycetin), 
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SPIROMETRY AS A MEANS FOR STUDYING VENTILATORY FUNCTION 
OF PATIENTS IN MECHANICAL RESPIRATORS 
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From the Department of Pediatrics, University of Texas, Medical Branch) 


RESPIRATORY inadequacy is an im- 
portant consideration in a wide variety 
of disorders. Although most notable 
perhaps is acute poliomyelitis, there are 
many conditions such as myasthenia 
gravis, acute porphyria, Guillain-Barré 
syndrome, narcotic and barbiturate 
poisoning, diphtheria, and spinal cord 
injuries’ in which respiratory dysfunc- 
tion is the prime consideration and 


constitutes the principal cause of 


death. Respiratory dysfunction is of 2 
main types, namely alveolar and ven- 
tilatory deficiencies. This classification 
was used by Cournand and Richards’, 
Ornstein et and recently by 
Elam and his co-workers™*. Alveolar de- 
ficiency indicates the f faulty transport 
of gases across the alveolar membrane, 
and ventilatory deficiency the inade- 
quate movement of gases into and out 
of the lungs. 

Elam and his collaborators have 
shown in studies with oximetry in 
| liomyelitis that both types of pul- 

onary deficiency can occur either 
singly or toge ‘ther. The alveolar defi- 
ceney can be due to: pulmonary 
elema, 2, atelectasis, or 3, pneumonia; 

d the ventilatory deficiency to 1, 
piralysis of the diaphragm and, 

i tercostal muscles, 2, depression of 
tie respiratory center, or 3, obstruc- 


tion of the upper airway''. In this re- 
port, peripheral ventilatory deficiency 
will be used to indicate paralysis of 
the respiratory musculature, and cen- 
tral ventilatory deficiency to indicate 
damage of the re spiratory center, 

The dangers of anoxia or hypoxia 
are logically combatted bv the use of 
oxygen, bronchoscopy, tracheotomy or 
intubation, and by artificial re spiration. 
Since mechanically supporte ‘d_respira- 
tion is so freque ntly require d, it seems 
strange that although much has been 
written on the care of respirator pa- 
tients! there has been 
only one definitive clinical study*", of 
ventilation in respirator management. 

The spirome ter has been used by a 
number of investigators? in the 
study of emphysema, heart failure, and 
tuberculosis in order to estimate ven- 
tilatory function and reserve. It also 
has been employed to determine the 
effects of various forms of collapse 
therapy. Elam"! was the first to report 
the use of this apparatus in poliomye- 
litis but his patients were in the con- 
valescent phase of the disease. 

There are 4 problems to consider 
when ventilatory dysfunction —de- 
velops: 1, optimal time for respirator 
placement, 2, selection of suitable 
negative pressures, 3, downward ad- 


* Present address: Department of Pediatrics, Tulane University of Louisiana, School of 


\ odicine, 1430 Tulane Ave., New Orleans. 
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justment of negative pressures during 
recovery of respiratory function, and 
4, optimal time for removal from the 
respirator. It is the purpose of this 
communication to demonstrate — that 
spirometry can assist in the solution 
of these problems. 


Material, Equipment, and Methods. 
Material. Five patients with some type of 
ventilatory deficiency were used in this study. 
Four were admitted to the poliomyelitis unit 
of the University of Texas Hospital during 
the summers of 1948 and 1949, and 3 of 
these required the support of a mechanical 
respirator. The 5th was a young man suffering 
from a cervical spinal cord injury. 

Equipment. The spirometer used was a 
Sanborn waterless basal metabolism appara- 
tus, the important features of which were: 1, 
double breathing tubes with large inside di- 
ameters to reduce resistance; 2, a 4 liter 
bellows-type air chamber connected by chain 
and pulley to a recording stylus; 3, waxed 
recording paper mounted on a motor-driven 
kymograph. An oronasal mask fitted to the 
face by an inflatable cuff replaced the usual 
rubber mouthpiece employed in basal metab- 
olism tests. In those patients with a tracheo- 
tomy, a soft rubber sleeve was used to 
connect the spirometer and the tracheotomy 
cannula. Cournand et al. stated that this 
type of spirometer is not ideal because of 
the inertia and resistance in its different 
parts. They pointed out, however, that for 
practical purposes the limitations are of minor 
importance. The widespread availability of 
this or a similar basal metabolism machine 
seemed to justify its use in this study. 

The respirators used were of two types. 
One was the standard Emerson cabinet-type 
machine; the other was a portable chest-type 
respirator. 

The spirometer was calibrated by intro- 
ducing a known amount of gas into the air 
chamber and measuring the excursion of the 
stylus. Once this had been accomplished for 
a particular machine, the calibration re- 
mained constant. 

In order to avoid undue apprehension, 
whenever possible the procedure of making 
spirometric tracings was explained to the 
patient and assurance of its harmlessness 
given. Oxygen was used routinely in all ow 
measurements although in the determination 
of respiratory minute volumes the gas cham- 
ber can be filled with either air or oxygen". 
The mask was applied tightly to the face and 
checked for leaks before the tracing was 
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made, In patients with a tracheotomy, the 
soft rubber sleeve previously mentioned was 
attached to the removable inner cannula of 
the tracheotomy tube. The cannula was then 
replaced in its usual position and during the 
tracing special precautions were observed to 
prevent air leakage through the nose and 
mouth. This was accomplished either by 
holding the nose and mouth, or placing « 
closed mask over the face. 

Calculation of the minute volume in cubic 
centimeters was made by multiplying the 
average tidal volume of inspiration in cubic 
centimeters by the number of respirations 
per minute (Min. Vol.=Av. Tidal Vol. 
Rate). This value was judged as to adequacy 
by comparing it with the normal minut 
volume tor that patient. For the purposes of 
this study, “normals” for minute volume ot 
respiration were calculated from a formula 
devised by Swann?4. This formula, Min 
Vol.=0.292 Wt.0-75, requires the as 
sumption that 7.0 liters per min. is the 
normal resting minute volume for a 70 Kg 
person. Examples of minute volumes so deter 
mined are: 7.0 liters per min. for a 70 Kg 
individual, 5.5 liters per min. for one weigh 
ing 50 kg., and 2.8 theese per min. for a 20 
Kg. child. In the patient in whom spirometry 
was used before the development of ven 
tilatory embarrassment, the “normal” value s« 
obtained served as an adequate standard 

Results, The experimental data are 
presented in conjunction with the clini 
cal description of the patient's condi- 
tion during the course of study. 

CasE 1. V. M., a 38 vear old housewit 
entered the poliomyelitis, unit on the 3rd 
day of an illness beginning with fever, head 
ache, nausea, vomiting, and aching in the 
back and shoulders. At entry neck and back 
stiffness, muscle fasciculations, and_ bilateral! 
lower extremity weakness were demonstrabk 
Cerebrospinal ‘fluid findings were consistent 
with a diagnosis of acute poliomyelitis. Clini 
cal evidence of respiratory muscle weaknes 
developed on the 4th day of illness. Spiro 
metric tracings (Fig. 1) showed a ‘lich 
degree of hyperventilation on quiet breathin: 
(8.1 1. per min.), but there was a marked de 
crease in ventilatory reserve. By the 6t 
day, paralysis had increased in the lowe 
extremities and respiratory muscles and ha 
appeared in the upper extremities and al 
dominal musculature. Spirometry at this tim 
revealed an almost normal resting minut 
volume (5.0 1. per. min.) but a great 
decrease in ventilatory reserve. Because « 
a further decrease in the minute volum 
placement in a respirator was effected. TI 
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SPIROMETRY AS A MEANS 
patient’s condition then remained satisfactory 
until the 8th day when she developed a 
partial upper respiratory obstruction due to 
pharyngeal paralysis. In spite of the assistance 
of the chest-type respirator operating at a 
fairly high negative pressure (20 cm. of 
water), an adequate minute volume was 
not being provided (3.9 1 per min.). Con- 
sequently, endotracheal intubation was  per- 
formed the patient transferred to a 
cabinet-type respirator. Spirometry 
showed that ventilation was adequate (5.9 1. 
a negative pressure of 18 cm. 


and 


per min.) at 


FOR STUDYING 


VENTILATORY FUNCTION O13 
Following removal to the standard respirator, 
adequate minute volume (5.2 1 per min. ) 
was obtained at a negative pressure of 20 cm. 
of water. During the following 7 days the 
central and peripheral ventilatory deficiencies 
improved markedly and on the 19th day the 
patient was found to be capable of supporting 
her own respiration (minute volume of 6.2 1.). 
On the 28th day she was able to dispense 
with the artificial airway and showed subse- 
quent increase in function of all musculature. 
Convalescence was gradual but uncompli- 
cated by further respiratory difficulty. 


SPIROMETER 
TRACING 
DAY OF ILLNESS | te & 
TYPE OF RESPIRATOR |NONE NONE| NONE NONE | CHEST CABINET CABINET CABINET CABINET 
PATE PER MINUTE | 30 | 28 49 29 24 24 
TIDAL VOLUME, ce |2I0 716 | 178 248 | 136 328 23099 2.5 
MINUTE VOLUME, L/MIN| 8) 150| 50 10.7 39 79 55 24 59 
| | 
SPIROMETER 
TRACING 
"DAY OF I/LNESS | w | © 4 
TYPE OF RESPIRATOR | CHEST | CABINET NONE | 
| RATE PER MINUTE | 25 3) 
TIDAL VOLUME, ce om 210 225 207 | 
MINUTE L/min | as | 52 <5 48 62 | | 


iG. 1. Case 1.—Spirometric tracings (reduced to 4 actual size) of a 37 vear old woman with 


entilatory deficiency due to bulbo-spinal po 
tomy performed on the 8th and 12th days 


liomyelitis. Endotracheal intubation and trache- 
respectively. Negative pressure values in  centi- 


meters of water are indicated above the tracings. 


water. Subsequent determinations of the 
inute volume were made daily in order to 
termine the proper negative pressure. She 
ntinued to do well until the 12th day 
ien, because of pharyngeal ulceration and 
* continuing need for an artificial airway, 
tracheotomy was performed. At this time 
became apparent that central ventilatory 
lure was developing. The inadequacy of 
' portable chest respirator in the presence 

central failure was demonstrated by 
rometry (12th day in Fig. 1) even though 
s was not immediately apparent clinically. 


Comment on Case 1. Severe obstruc- 
tive ventilatory deficiency as well as 
moderate peripheral and central respir- 
atory impairment were demonstrable in 
this patient. The course of the ventila- 
tory difficulties can be followed in Fig. 
1. Spirometry had its greatest value in 
this patient in determining the nega- 
tive pressures which would afford 
adequate ventilation but still not 


. *& 
nute 
ol 
e ot 
mula 
Min 
as 
the 
Ky 
eter 
Ky 
eigh 
a 20 
ven 
St 


old GRULEE, ELDRIDGE, FORD: 


cause hype rventilation. ‘This patient 
weighed 52 Kg., and normal resting 
minute volume was estimated to be 
5.5 1. per min. The tracings obtained 
on the Sth and the 12th days reveal 
the different negative pressures which 
were required to provide comparable 
ventilation. Cognizance of and adjust- 
ment for this day to day variation 
would not have been possible without 
the aid of spirometry. 

The indications for respirator place- 
ment based on clinical perception 
alone are inaccurate. Spirometry 
proved of inestimable value by provid- 
ing an objective and easily repeatable 
measurement of ventilatory ade quacy. 
The worth of the procedure was dem- 
onstrated not only in determining the 
initial need for artificial re spiration on 
the 6th day, but also in recognizing 
the inadequacy of the chest respirator 
on the 7th and 12th davs. It is of 
interest to note that in this patient the 
chest respirator was unable to provide 
adequate ventilation (12th day) at 
negative pressures which were ade- 
quate in the cabinet respirator. 

\ 3rd application of spirometry was 
in following the progression of periph- 
eral respiratory involvement by de- 
termination of the ventilatory reserve. 
This is exemplified in the tracings of 
the 4th and 6th days where the re- 
serves respectively were 270% and 195% 
of the resting value, as compared with 
the 1300% expected in a normal adult 
female!®. Furthermore, the record of 
the 6th di iv clearly indicates that an 
increase in respiratory 1 rate rather than 
an increase in tidal volume was pri- 
marily responsible for even the small 
reserve that remained. 

Finally, spirometry as an index of 
the increasing ventilatory function dur- 
ing the patient’s convalescence, afford- 
ed an objective criterion for the early 
discontinuance of artificial respiration. 

Case 2. F. H., a 6 year old white girl was 
admitted to the otolaryngology service on the 


Sth dav of an illness beginning with fever 
and headache. Dithiculty in swallowing and 
talking developed on the 2nd day and 
episodes of choking became manifest on the 
ird day. At the time of entry, the only find 
ings were dysphagia and dysphonia. Cere 
brospinal fluid examination corroborated the 
diagnosis of bulbar poliomyelitis. During the 
succeeding 4 days, the patient developed al 
slight degree of weakness in the lower ex 
tremities, neck, and respiratory musculature 
By the 9th dav she was apparently over the 
acute stage of the illness and was doing well 
On the Ith day, however, she developed 
increasing difficulty in swallowing, which r 

sulted in respiratory obstruction. \ spirometric 
tracing at that time showed a deficient respir 
atorv minute volume (1.6 1. per min.). She was 
then placed in a chest-tvpe respirator, but in 
the presence of continued respiratory obstruc 

tion, even very high negative pressures (34 
cm. of water) were inetlective 2 

Following a tracheotomy, it became apparent 
that central ventilatory failure had deve loped 
The spontaneous respiratory rate was only 
2 per min. (Fig. 3) and the minute volume 
was only 0.15 1 per min Fig. 2). Follow 
ing placement in a cabinet-type respirator 
adequate ventilation (4.0 1. per min.) was 
provided by a negative pressure of 20° cm 
of water. During the following days, ther 
Was gradual of central) ven 
tilatory function. On the 12th day, the spon 
taneous respiratory rate had risen to per 
minute although the minute volume was still 
very low (Fig. 2). By the 15th dav the spon 
taneous rate had risen to 27 per 
and the minute volume to 3.8 1 However 
because of considerable irregularity in breath 
ing she was kept in the respirator, maintain 
ing adequate ventilation (4.5 1. per min.) at 
a reduced negative pressure (10 em. of 
water). By the 17th day, breathing had be 
come regular and spontaneous — ventilation 
was 3.4 1. per minute with a rate of 22 px 
min. Hence she was removed from th 
respirator. Subsequent recovery. was un 
eventful. 


Comment on Case 2. This patien' 


showed central ventilatory deficienc 
in addition to marked obstructive ven 
tilatory deficiency. The results of min 
ute volume tracings are shown dia 
grammatically in Fig. 2. As in’ th 
previous patient. spirometry was 
value: 1, in determining the necessit 
of respirator placement; 2, in choosin 
proper respirator pressures; and 3, i 


& 
* 
\ 
\A 
#2 
= 
ek 
og 
| 
an 
\ 
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demonstrating the ability to support mal for this 1S Kg. child. In general 
spontaneous respiration, her condition was reflected in these 


It is of interest that at various times — pressures, e.g., 20 cm. of water on the 


widely differing negative pressures L1th day, 25 cm. on the 12th day, 15 
were required to give the ventilation cm. on the 14th, and 10 cm. on the 


3.5 1. per min.) considered to be nor- 15th day. This rapid change from day 
| 
VIN 
vod Mi 
Dav of moor dar 14 14 15) 15 15 15) 17) 
| | | 
§=CAB/NET |NONE| CABINET \CAB/NET |NONE| CAB/NET |NONE|CABINET | 
af eA 
NEGA 
Pes z a 20 34 10 1§ 20 25 30 10 20 2§\10 1§ 22 5 10 1§ 8 
WATE } 


Al VOL 30 75 2 140 220 310 360, 50 90100 225 220 250 320| 140 \/50 200 150 140 


2. Case 2.—Bar graph of minute volumes of a 6 vear old girl with ventilatory deficiency 


lne to “bulbar poliomyelitis The dotted line at minute volume of 3.5 1. represents the estimated 


rmal for this patient. The cross-hatched bars indicate the negative pressure settings which 


were used on various days following evaluation by spirometry. Tracheotomy was performed 


on the 11th day. 


20cm | 20cm 20cm | 
SPIROMETER off 
TRACING 
RATE PER MINUTE /8 2 | 
TIDAL VOLUME, cc 220 92 220 75 220 3/0 360 
MINUTE VOLUME L/MIN | 40 17 40} O15 40 56 | 65 


3. Case 2.—Spirometric tracing (reduced to 7/10 actual size) obtained on 11th day of 
ess following onset of central ventilatory failure. At this time she had a tracheotomy and 
s in a cabinet-type respirator. Negative pressure in centimeters of water is indicated above 

tracing. The period of apnea evident when the respirator is off is characteristic of central 
ure, and the tracing following. this demonstrates the effectiveness of the respirator in 
providing effective ventilation. 
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to day was more evident in this patient 
whose primary difficulty was central 
than in a patient (Case 5) with pe- 
ripheral deficiency. 

In these 2 pi atients (Cases 1 and 2) 
who had central ventilatory failure, 
the cabinet-type respirator proved very 
effective (Fig. 3), once obstruction of 
the airway had been relieved. These 
data indicate the fallacy of the wide- 
spread belief that the respirator is con- 
traindicated in the presence of central 
failure. Perhaps the reason for this 
erroneous concept lies in the frequent 
association of obstructive with central 
ventilatory deficiency. Such a situation 
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function of the diaphragms. Because of sub- 
jective respiratory distress on the 2nd day 
he was placed in a portable chest respirator 
with negative pressures of 13 to 15 cm. of 
water. On the 3rd day, the pediatric service 
was consulted regarding the management 
ot the respirator at which time spirometric 
tracings (Fig. 4) revealed that ventilation 
was adequate without the respirator (7.5 | 
per min.) Artificial respiration therefore was 
discontinued and with reassurance by the 
attendants, the patient evinced no further 
need of the respirator. 


Comment on Case 3. Peripheral ven- 
tilatory deficiency of mild degree due 
to paraly sis of the thoracic musculature 
is well shown in this case study. It 
was because of subjective respiratory 


65 em 


SPIROMETER 
TRACING 


mo resp for 
20 om om 


TYPE OF RESPIRATOR | CHEST | CHEST CHEST | CHEST | NONE | 
RATE PERMINUTE | 25 | 2d 17 | 15 | 28 
TIDAL VOLUME, cc 18O 390 | 550 | 405 

| MINUTE VOLUME L/MIN, 45 66 | 83 | 73) 


Fic. 4. Case 38.- Spirometric tracings (reduced to 8/10 actual size) of a 14 year old boy 
with ventilatory deficiency due to a cervical spinal cord injury. Negative pressure in centimeters 
of water is indicated above tracings. Adequacy of ventilation without the respirator is apparent 


is illustrated by the graph of ventila- 
tory volumes preceding the trache- 
otomy on the 11th day (Fig. 2). In this 
instance negative pressures as high as 
34 cm. of water were ineffective. 


Case 3. S. M., a 14 year old Latin-Ameri- 
can boy was admitted to the orthope ‘dic serv- 
ice® with a fracture-dislocation of the 4th 
cervical vertebra following a dive into shal- 
low water. Almost complete dysfunction of 
the spinal cord existed below this level. The 
patient therefore had paralysis of the thoracic 
and abdominal musculature, but adequate 


this case. 


distress that respirator placement had 
been effected. Spirometry —demon- 
strated that the respirator was not only 
unnecessary but actually detrimental 
The negative pressures at which the 
machine had been operating (13. to 
15 cm. of water) actually reduced 
ventilation (Fig. 4) to below the esti- 
mated normal of 6.5 |. per min. ex- 
pected in this 60 Kg. boy. 

Case 4. C. B., a 28 year old physiciar 
entered the poliomyelitis unit on the 2nd da\ 


Acknowledgment is made to the Department of Orthopedics for permission to repor 
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f an illness beginning with fever, severe 
headache, and pain in the back. At. entry 
fever and stiffness of the back were noted. 
Cerebrospinal fluid findings were consistent 
with a diagnosis of acute poliomyelitis. Dur- 
ing the following 4 days paresis developed 
in all extremities, the abdominal musculature, 
and the thoracic musculature. By the 7th 
day, there was no trace of intercostal muscle 
activity. Because of mild subjective respira- 
tory distress and because of the use of the 
accessory muscles of respiration, artificial 
respiration had to be considered. Spirometry 
lable 1) showed an adequate resting minute 
volume (8.7 lL. per min.) with an adequate 
tidal volume. On the LOth hospital day, after 


TABLE 1. CASE 4. MINUTE VOLUMES 
OF A28 YEAR OLD MAN WITH VENTILA- 
TORY DEFICIENCY DUE TO SPINAL 
POLIOMYELIETIS. 


Day of illness 1] 
P ype of respira Quiet Quiet Maxima 

tion breathing breathing effort 
Rate per min 26 80 30 
Vidal vol. in ce 335 256 506 
Minute vol 8.7 V7 15.2 

| min 


progression of the illness had stopped, the 
ninute volume with quiet breathing was still 
7.7 | per min. and on maximal effort was 
15.2 1. per min. From the standpoint of respir- 
adequacy subsequent recovery was 
ineventtul. 


Comment on Case This patient 
demonstrates the mild peripheral ven- 
tilatory deficiency that may occur in 
poliomyelitis. The minute vol- 
me on the 7th day exceeded the 
estimated normal of 6.5 1. per min. 
‘or this 63 Kg. man, and indicated that 
respirator placement was unnecessary. 
subsequently showed that 

patient's reserve ventilatory func- 
ton was almost 200% of his resting 
ilue (Table 1). While this showed that 

‘had a great decrease in ventilatory 

serve from the normal of 2000% ex- 
ected in an adult male!®, nevertheless 

furnished further evidence that ar- 
icial respiration was not needed. 


Case 5. M. S., a 37 year old physician 
tered the poliomyelitis unit on the third 


day of an illness beginning with headache, 
backache, fever, malaise, nausea, and vomit- 
ing. Cerebrospinal fluid examination corrob- 
orated the diagnosis of acute poliomyelitis. 
During the succeeding 5 days, paralysis de- 
veloped in the legs, back, abdominal, inter- 
costal, and diaphragmatic musculature, neces- 
sitating placement in a respirator on the 7th 
day of illness. The acute febrile stage ended 
on the 9th day. During early convalescence, 
the respirator was set at 14 cm. of water 
negative pressure with a rate of 18 per min. 
This adjustment seemed satisfactory and the 
patient appeared to be comfortable, although 
he was unable to remain out of the respirator 
for periods longer than two minutes. Spiro- 
metry was first used on the 33rd day of illness, 
at which time an adequate ventilation (7.3 
l. per min.) was obtained with a nega- 
tive pressure of 10 cm. of water (Fig. 5). 
Spontaneous ventilation at this time was 
only 3.0 1. per min. Subsequently, the nega- 
tive pressures were gradually reduced, the 
ventilation being followed by frequent spiro- 
metric determinations. By the 60th day after 
the onset of illness there had been sufficient 
improvement for the patient to remain out 
of the respirator for 6 to 8 hours a day. The 
remainder of the time only 4 cm. of water 
negative pressure was required to maintain 
an adequate minute volume (7.6 1. per min. ) 
During the following 2 months the patient 
was able to tolerate increasingly longer pe- 
riods out of the respirator, and by 4 months 
after the onset of poliomyelitis the respirator 
was no longer required. 


Comment on Case’5. Severe periph- 
eral ventilatory deficiency was dem- 
onstrated in this patient. The spirome- 
ter was of value in determining the 
proper respirator negative pressures 
to effect the estimated normal minute 
volume (7.0 1. per min.) for this 70 Kg. 
man. The negative pressures used were 
strikingly lower than in the previous 
acute cases. If the negative pressures 
usually recommended for respirator 
patients (16 to 18 cm. of water at a 
rate of 18 to 24 respirations per min.'') 
had been used in this patient, hyper- 
ventilation undoubtedly would have 
resulted. An example of this phenom- 
enon can be seen in Fig. 5 when on 
the 60th day, an increase of negative 
pressure from 4 cm. to 10 cm. of water 
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“4 produced a minute volume of ventila- that the patient's ability to tolerate 
- tion 50% in excess of normal. lower negative pressures was very 
In contrast to the previous cases, the — slight. Any reduction in negative pres- 


chest respirator was quite effective in 
this convalescent patient. Spirometric 
studies showed that the same ventila- 
tion was effected by a negative pres- 
sure 2 to 24 cm. of water greater than 
that used in the cabinet respirator 
(48th dav in Fig. 5). 


sures had to be carried out cautiously 
and with frequent spirometric deter-- 
minations in order not to exceed the 
functional capacity of the recovering 
musculature. 

Discussion. Techniques used in the 
management of respirators have in 
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hic. 5. Case 5.—Bar graph of minute volumes of a 37 vear old man with ventilatory deficiency 


due to spinal poliomyelitis. The dotted line at minute volume of 7.0 LL. re presents the estimates 
normal for this patient. The cross-hatched bars indicate th patient s maximal respiratory effort 
supplementing the support offered by the respirator 


Spirometry was of distinct value in 


cluded the application of clinical judg 


determining this patient’s reserve fune- ment, arbitrary standards for settin: 
tion at particular respirator negative — the respirator pressure and rate, chemi 
7 pressures. This was carried out in the — cal studies of the blood, and oximetry 
3 same manner as for patients not in a = The value of clinical judgment in th 
_ respirator. On the 39th day (Fig. 5) treatment of any disease is obviou: 
4 the reserve function was only 107% of | However, its limitations in special situ 
- the resting value with a negative pres- ations must be clearly recognized. A¢ 


sure of 7 cm. of water. Again, on the 
43rd day with a negative pressure of 
5% cm. of water, the reserve function 
was only 118% of the resting minute 
volume. These determinations showed 


curate appraisal of ventilatory functio 
based upon clinical observation an! 
subjective symptoms. is possible on! 
in extreme situations. It is clear thet 
arbitrary standards do not take int) 


. 
= 
| 
| 
4 
| 
7? 
| 
| 
4 
>= 
© 
. 


rate 
very 
res- 
ter- 

the 
ring 


the 
in) 


SPIKROMETRY AS A MEANS FOR STUDYING VENTILATORY FUNCTION oly 


account all of the many variables in 

particular clinical situation. The in- 
evitable result is to expose the patient 
to the dangers of subclinical hypoxia 
or to the difficulties associated with 
hyperventilation. 

There are 2) methods of studying 
respiratory function by — chemical 
means. The first of these, determina- 
tion of arterial oxygen saturation, is 
the more direct method. It has limited 
value because of numerous technical 
difficulties. The less direct) method, 
which depends on the determination 
of serum carbon dioxide combining 
power, chloride, and pH, yields valu- 
able information but is less sensitive 
and is time-consuming. Because it is 
impractical to repeat these determina- 
tions frequently, both methods are lim- 
ited in their application to the study 
of ventilatory function. 

Oximetry as used by Elam et al. 
at present is the best method of de- 
termining respiratory adequacy. is 
equally useful whe ther the basic diffi- 
culty be ventilatory or alveolar defici- 
eney. Hence, it has a distinct advan- 
tage over spirometry which measures 
only ventilation. The inability to indi- 
cate difficulties in gaseous transport 
across the alveolar membrane con- 
stitutes a basic limitation to spirometry. 
On the other hand, oximetry is limited, 
not only by scarcity of supply and 
high initial cost but also by the techni- 
cal details of standardization and oper- 
ation. 

\ relatively new method which is 
hecoming increasingly useful in’ the 
study of ventilation is pneumotachog- 
raphy as described by Silverman et 
al", Unpublished data* obtained with 
this method indicate that errors relat- 
ing to resistance to gas flow in the 
spirometer are greater than previously 
suspected. 

In the further consideration — of 
spirometry per se, it should be men- 
tioned that reliable standards for rest- 


ing minute volume upon which the 
calculation of ventilatory adequacy 
depends, are not available in the pub- 
lished literature. Physiological text- 
books commonly give values of 6 to 

S |. per min. but the data in support 
of these figures are meagre!'*. Ornstein 
et al.” give 7.5 |. per min. as the rest- 
ing minute volume in adults. Leiner" 
presents data on adult tuberculous pa- 
tients that show resting minute vol- 
umes ranging from 4.0 to 8.8 Lper min. 
No. standards for children have been 
found. No workers have related min- 
ute volume to body weight or other 
body mensuration. 

Since it is obvious that ventilation 
must vary with body size, the normal 
values for resting minute volume were, 
for the purposes of this study, esti- 
mated on the basis of weight by the 
previously mentioned formula of 
Swann*!. To do this, the following 
assumptions were made: first, the rest- 
ing minute volume for a 70 Kg. man 
is 7.0 1. per min.; second, the resting 
minute volume is directly related to 
the surface area of the body; and 
finally, the data of Kleiber'* is applic: i- 
ble, namely that the body surface may 
be related to the three fourths power 
of the body weight. The possible  in- 
accuracies inherent in these assump- 
tions are realized; nevertheless, in the 
absence of other standards the use of 
this formula seemed justified. 

Another factor limiting the accuracy 
of spirometric methods is physiologic 
dead space of respiration. A given 
tidal volume provides effective alve- 
olar ventilation only in so far as_ it 
exceeds the physiologic space. 
Since this uses up approximately 334% 
of the tidal volume of quiet breathing, 
as shown by Fowler, it is apparent 
that a small tidal volume with a rapid 
rate will produce less effective alve- 
olar ventilation than a larger tidal vol- 
ume with a slower rate, even though 
the minute volume remains the same. 
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The changes, demonstrated by Fowler, 
in the size of the physiologic dead 
space would have little practical im- 
portance in the type of problem under 
discussion. A small tidal volume and 
rapid rate are ordinarily met only in a 
patient who is not in a respirator. It 
must be kept in mind, however, that 
under such circumstances an adequate 
minute volume does not necessarily 
indicate adequate alveolar ventilation. 


Summary and Conclusions. 1. Spi- 
rometry offers a simple method for 
determining respiratory adequacy in 
various types of ventilatory deficiency, 
and is applicable whether or not the 
patient is in a mechanical respirator. 

2. Study of 5 patients with ventila- 
tory deficiency demonstrates the use- 
fulness of spirometry in the following 
ways: a) in determining the proper 
respirator settings for effecting ade- 


quate ventilation, b) in revealing day 
to day variations in ventilatory func- 
tion, c) in giving an objective indica- 
tion or contraindication for respirator 
placement, d) in measuring ventilatory 
reserve, e) in furnishing an objective 
criterion for removal from the res- 
pirator. 

3. The value of the respirator in 
central ventilatory failure is demon- 
strated. 

4. The advantages and disadvan- 
tages of various types of management 
of respirator patients are discussed. 

5. Among the limitations of spirome- 
try are included mechanical errors in- 
herent in the apparatus, inability to 
reveal alveolar deficiency, physiologic 
dead space, and lack of adequate 
standards for minute volume of respir- 
ation. 

6. A method of calculating resting 
minute volume standards is presented. 


Grateful acknowledgment is made to Dr. James O. Elam for his helpful suggestions and 


technical assistance. 
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SINGLE CELL AUTOGRAP'TS OF BONE MARROW AND BLOOD 
FROM RATS USING RADIOACTIVE PHOSPHORUS® 
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Tue field of autoradiography offers 
biology and medicine a new tool for 
investigation which at present is a 
source of increasing interest. Auto- 
radiographs of single cells as applied to 
hematological material are a very re- 
cent accomplishment. The present 
study was undertaken to explore the 
feasibility of single cell autographs of 
bone marrow cells in rats using P*. 
The principle underlying the investi- 
gation depends unon the fact. that 
radioactive phosphorus is deposited in 


TABLE 1.—WEIGHT, SEX, DOSAGE 


Weight Dose 

Rat mgm Sea mn ue 
12 I 500 
11 SS 500 
500 
9 38 500 
14 12.5 M 800 


the bone marrow. If the marrow is 
smeared upon a photographic emul- 
sion the marrow cells containing the 
phosphorus may be recognized micro- 
sconically after suitable exposure, de- 
velopment and staining. 


Methods. Albino rats of the Wistar strain, 
2 to 5 weeks of age, weighing 12.5 to 54 gm. 
were used. The diet consisted of oats and fox 
chow. 

Serial bone marrow samples from the 
femora, using the method of Cameron and 
Watson®, were obtained on each animal. A 
sample of peripheral blood from the tail was 


taken concomitantly, Up to 4 samples wer 
obtained in the first 24 hours and at appropri 
ate intervals thereafter until death or sacrifice 
of the animal. The puncture sites on .the 
femur were at least 4 mm. apart 

Carrier free radioactive phosphorust 
was obtained as phosphoric acid and diluted 
with Ringer's solution for subc itaneous injec 
tion. Table 1 records the weight, sex, dose 
used and survival time of each. animal. The 
rats are numbered in the same order in which 
the experiments were performed. If bacteria 
were seen in an antemortem smear of blood 
the word “bacteremia” was added. Eleven 
preparations from 3 control animals were 
obtained and treated in a manner identical 


AND SURVIVAL PERIOD OF ANIMALS 


Dose corrected 


for body wt Survival Time 

ue, perqm in hrs. or days 
9.3 day s (bacteremia 
13.2 8.5 hrs. (saerificed 
13.3 10 days 
13.2 7 days (bacteremia 
240 19 hrs, 


with the test: preparations. One of these 
animals received a total of 2000 r of roentger 
irradiation (kv 200. ma 20, distance 50 em 
portal 7\7 cm., hvl 0.9 cu., filter 1 cu x 1 al 
rpm 45), 1000 r at the beginning of the obser 
vation period and 1000 r 24 hours later. 
Eastman Type NTB nuclear track plate 
were used, following the method of Bov 
et al?, Small samples of blood and of marrow 
were diluted with Ringer's solution in 
syringe to prevent evaporation, the dilute: 
samples having a volume of 0.1 to 0.2 ce. I 
2 instances a portion of thymus was_ broke 
up in a drop of Ringer's solution and the ce! 
suspension obtained treated similarly to th 
blood and marrow samples. Within 30 mir 


* Aided by grant from Ayerst, MacKenna and Harrison. 
+ From the Atomic Energy Project, National Research Council, Chalk River, Ontario. 
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|.—Basophilic’ erythroblast from the marrow 21 hours after exposure to 0.5 me of P8?— 
focused on the cell. Rat 12. Pappenheim, x 1070. 
Fic. 2.—Same as Fig. 1.—focused on the autograph. 
3.—~Two polychromatophilic erythroblasts from the same preparation as Fig. 1.—focused 
on the cells. Pappenheim, x 1070, 
Fic. 4.—Same as Fig. 3.—focused on the autograph. 
.—Myelocyte and 2 adjacent bare nuclei from the same preparation as Fig. 1.—focused 
on the cell. Pappenheim, x 1070. 
Fic. 6.—Same as Fig. 5.—focused on the autograph. 
7.—Polymorphonuclear neutrophils from the same preparation as Fig. 1. also showing 
autograph. Pappenheim, LO7O. 
-Polychromatophilic erythrocyte from the same preparation as Fig. 1. also showing 


autograph. Pappenheim, x 1070. 
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utes the samples were smeared on the emul- 
sion covered surface of the glass plates in a 
darkroom with the aid of a safelight. Smear- 
ing of the samples was accomplished by the 
use of an ordinary glass slide held at a very 
acute angle with no pressure applied except 
that of its own weight. Late in the study it 
was realized that isolated drops of cell sus- 
pension over one portion of the emulsion 
surface were undesirable, so these were 
removed with a syringe and needle before 
being allowed to dry. 

Exposure of the slides in a light-tight box 
varied from 24 to 61 days. The best auto- 
graphs were exposed for 42 days, but this 
point was not studied in detail. The next 
step was fixation in methyl alcohol for 5 min- 
utes, followed by development in Eastman 


smeared on plates covered by photo- 
graphic emulsion it should be noted 
that the cellular detail and the auto- 
graphs are on different planes, as the 
cells are smeared on top of the emul- 
sion. Therefore separate focusing is 
frequently required to demonstrate 
both, as in Figs. 1 and 2 of the same 
marrow cell. 

Some preparations from rat S were 
unsatisfactory, although autographs 
from cell clumps were obtained. Single 
cell autographs were obtained from 
the marrow of rats 9, 11, 12 and 14. 
These data are presented in Table 2 


TABLE 2 AUTOGRAPHS OBTAINED SHOWING TIME RELATIONSHIPS 
Rat Sam ple hres Ars hrs 4 hrs day 
Blood Clumps* 
Marrow Moyeloeyte (lumps? Nil 
Blood nidenti Degener 
fied cell ate cell 
Marrow Mrelocvte 
Blood Clumps Nilt 
12 Marrow Myelocyte Myelo Myelo Myelo L.. Ervthro 
Metamyel Metamye! Metamye!l Metamvyel blast 
tE. Ervthro- Poly Poly L.Ervthro 
bast E.Erythro E. Ervthrobl blast 
iL. Erythro- blast L. Ervthrobl 
blast R.B.C polv« hrom 
orthochrom 
Megakarvoeyvts 
Blood Clumps R.B.C. polvehron 
blast L.Ervthro 
blast 
KR.B.C. pol 
vehron 
} Marrow NMveloevte 
Metamyel Metamvel 
L. Erythroblast 
Blood Clumps Myelocyte 
Phymus Lymphocytes 


Reticulum cells 


* Stain poor 


t Sample poor in nucleated cells 


t Early erythroblast is basophilic. Late erythroblast is polyechromatophilic or orthochromic. 


D-19 at 20°c for 1 to 25 minutes, 5 minutes 
being the usual period. Clearing in 10% 
sodium thiosulphate required about 40 min- 
utes. After washing, the slides were put in 
double distilled water for 10 minutes. When 
well dried (requiring about 1% hours) the 
smears were stained by Pappenheim’s method. 
They were not mounted in balsam until 
thoroughly dry. 


Results. Autographs of single blood 
and marrow cells were obtained after 
exposure to radioactive phosphorus. 
In studying the accompanying. illus- 
trations (Figs. 1 to 8) of marrow cells 


in order to show the time relationships 
to the injection of P**. 

Autographs arising from clumps 
containing nucleated cells are not. in- 
cluded in the table if single cell auto- 
graphs were also obtained. In many 
instances a careful search of the whole 
slide was made before finding the cell 
specified in the table. The series of 
marrow preparations from rat 12 forns 
a notable exception in that a large 
number of cells autographed (Figs. 1 


to 8). 
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TABLE 3.) PERCENTAGE OF EACH MARROW CELL TYPE GIVING AUTOGRAPH 


Pre- 
injection 4} hours 

Promyelo. 0 100 
Myelo,. 0 7) 
Metamyel. 0 70 
Poly. Neutro. 0 0 
Erythrobl. 0 
Erythrobl. 
Lymph. 0 
Kos 

Unidentified 0 


Poly chromat. 
erythrocytes 0 0 


Rat 12 


Shours  2lhours 2days 4 days 


100 100 S4 

25 Too 25 

33 

16 78 0 

28 92 0 0 
0 Pp 7 28 
0 14 0 
0 
0 33 0 0 
0 0 0 


Karly erythroblast is a basophilic erythroblast 
Late erythroblast is polychromatophilic or orthochromic 


Table 3 records the percentage of 
each cell type that autographed from 
the most suitable part ot each smear 
from rat 12. Two lines under a figure 
indicates that the majority of that cell 
tvpe ‘autographed intensely; one line 
indicates a moderately intense auto- 
graph tor the majority of cells; and 
figures without a line indicate a faint 
autograph for the majority. A very few 
cells were so obscured by the silver 
granules that they could not be identi- 
fied. 

Before interpreting these results cer- 
tain other observations should be 
noted, 

Extutston Facrors. The prepara- 
tions varied considerably both in’ the 
production of autographs and in their 
intensity. This variation occurred not 
mly from slide to slide, but also to a 
esser degree on the same slide when 
omparing areas only millimeter 
ipart. The correction of this defect is 
ery desirable. It was found that a uni- 
orm distribution of the cell suspension 
it the time of smearing with avoidance 
! pooling is one of the requirements. 

Background fog can be focused out 

the autogranh is most intense at the 
mulsion surface. For unknown rea- 


sons sometimes the autograph is only 
identified below the surface where 
background fog is more likely to 
obscure it. Of the numerous types of 
scratches and artefacts formed by the 
aggregates of silver granules, only 
occasionally does one resemble an 
autograph. On one control slide such 
an artefact was underlying a cell so 
that the only feature permitting its 
true identification was a refractile par- 
ticle overlying the cell. Not infrequent- 
ly artefacts were apparently caused by 
minute refractile particles which were 
directly over them. 

Conrrois. The following control 
samples were smeared on Type NTB 
plates: 

Three marrow samples from 2 
rats (60 gm. and 37 gm.). 

Three marrow samples and 3 peri- 
pheral blood samples from a 13.5 gm. 
rat following roentgen irradiation. 
using the intervals of 5 hours, 29 
hours and 5 days after irradiation. 

One marrow sample and 1 blood 
sample from the 13.5 gm. rat taken 
4's hours after being sacrificed. 
Nothing indistinguishable from an 

autograph was seen in any of the 
above listed preparations. 
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STAIN. Lhe autograph preparations 


usually showed impertections the 


stain. in most areas the stain was more 
basophilic than is optimal. The specific 
granules of the granulopoictic series 
always failed to stain— 
with the neutrophils than the eosino- 
phils. Certainly 
unidentified with these preparations 
than with routine blood but 
most of the could be identified 
atter obtaining some with 
the method. hever recog- 
nised with certaintv. Some eosinophils 
were probably recorded as neutrophils. 

Returning to Tables 2 the 
seemingly significant may be 
noted. The results at dif- 
terent time Table 3 cannot 
be compared because the portion of 
each slide used probably has a differ- 
ent sensitivity. The most intense auto- 
graphs were obtained with the 21 hour 
preparation. There it is noted that ‘ 
of the myelocytes autographed, 84% 
and of the 
polymorphonuclear forms. Autographs 
of the latter were usually less intense. 
Ninety-two percent of the basophilic 
ervthroblasts autographed, 42% of the 
polvchromatophilic and orthochromic 
ervthroblasts, and 46% of the poly- 
chromatophilic erythrocytes. Rarely an 
orthochromic erythrocyte 
autograph. A cell in mitosis from this 
preparation autographed. A megakary- 
ocyte gave a faint autograph ‘ened 
the nucleus which did not reach the 
cell margin. Although autographs of 
14% of the lymphocytes is recorded. 
their identity is not as certain as that 
of the other cells. 

The polychromatophilic 
orthochromic ) 


almost more so 


more cells remained 
smears, 
cells 
experience 
Blasts were 


and 3. 
points 
quantitative 
intervals in 


the metamvelocvtes 


was seen to 


and rarely 
erythrocytes never gave 
more than relatively faint autogr: iphs. 
They failed to autograph in all the mar- 
row preparations of rat 12 except one. 
In this 21 hour slide they autographed 
in only a few areas. One of these 
cells autographed in the concomitant 


TOGRAPHS OF BONE MARROW 
blood sample. The fact that they 
showed up again in the peripherai 
blood preparation of this animal at 


{ davs seems to illustrate further the 


lack of uniformity in’ the autograph 
sensitivity. 

Other interesting observations from 
Table 3 are that both granulocyte and 


ervthrocvte precursors autogri iphed at 
It may be significant that the 
polymorphonuclear did 
not autograph at this time. Failure of 
basophilic erythroblasts to autograph 
in the 2 and 4 day samples may result 


hours. 
neutrophils 


from the diminishing plasma concen 
tration of The later 
perhaps autograph because their per- 


erythroblasts 


cursors contained a high concentration 


of P*? (24 o 
An autographing 


r more hours previously ). 
polychromatophilic 
ervthroblast peri- 
pheral blood of this animal at 2 days 


was found in the 


and again at 4 days. 
In striking contrast to all the other 
where at best a small number 
cell 
found, the marrow samples from rat 12 
autographed very well. Rat re 
ceived a smaller dose of P*" 
of body onaiia than any other animal 
used for NTB plate preparations. Its 
diet or 
ously different from the other 
An additional feature to be 
Table 2 is that in the peripheral blood 
some clumps of cells, always including 
leukocvtes 


animals, 


of single autographs could — be 


per gm 


surroundings were not obvi- 


animals 
noted in 


some autographed at 4 
hours. mvyeloevte in the peripheral 
blood of rat 12 autographed t davs 
after exposure, and a few other in 


stances of peripheral blood single cell 
Table 2. 
The cell suspension from the thymus 
of rat 14 at 19 hours resulted in a few 
faint but definite autographs. None ot 
the cells were well preserved, and they 
thought to be degenerating. N¢ 
cvtoplasm could be seen around. the 
lymphocyte nuclei. A very few of thes: 
autographed. Other 


autographs are noted in 


were 


nuclei large 
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lighter nuclei with more irregular out- 
line mav have been from the reticulum 
cells. Several of these autographed 
faintly. 

Discussion. This is the first report to 
our knowledge of single cell auto- 
graphs being obtained from rat_mar- 
row elements peripheral blood 
cells using P®. Single cell autographs 
of peripheral blood cells using C™ 
labeled glycine have been reported’. 
Stevens, working in Leblond’s labora- 
tory, has recently obtained autographs 
of marrow. cell suspensions using P* 
in rats”. 

Technical features have been the 
central issue in the present investiga- 
tion with no effort to focus on any 
specific hematological problems. How- 
ever, some conclusions may be tenta- 
tively stated. 

The much greater uptake of P** by 
the marrow cells of rat 12. as indi- 
cated by the autogravhs, is of interest. 
The need of the cell for phosnhorus 
ind the availability of P®™ are imnor- 
tant considerations in this regard. It 
is reported that the change of diet 
with weaning is associated with a very 
temporary increase phosnhorus 
exeretion in rats'. It is possible. that 
such a mechanism. reflecting more 
available phosphorus, prevented a 
more favourable uptake of P** in the 
recently weaned rats 8, 9, and 11 (33 
to 38 gm.) as compared with rat 12 
54 gm.). This does not explain the 
fact that rat 14 (12.5 gm.) failed to 
give very high concentrations as indi- 
cated by the autographs in spite of the 
larger dose administered. 

Concerning intracellular localization. 
only the following may be said: For 
one megakaryocyte the autograph ap- 
parently localized over the nucleus, 
but other me gakaryvocytes did not show 
this feature. Evidence for a significant 
cytoplasmic concentration erythro- 
poietic cells seems to follow from the 


occurrence of autographs ot polychro- 
matophilic erythrocytes. 

ihe concept of a threshold concen- 
tration of P*? below which single cell 
autographs are not obtained with the 
method used must be borne in mind. 
It is very possible that erythrocytes can 
take up some P* after reaching the 
peripheral blood as suggested by the 
very rapid uptake observed for these 
elements by Erf and Lawrence!. Larg: 
cell clumps in the peripheral blood did 
autograph at 4 hours (Table 2), but 
almost invariably orthochromic ery- 
throcvtes tailed to autograph individ- 
vally in the most sensitive prepara- 
tions. 

Among the formed elements of the 
marrow it mav be said that for the 
small amount of material observed. 
the basophilic erythroblasts the 
ivelocytes (and promvelocytes ) have 
a more rapid turnover than the 
megakarvocytes, later erythroblasts 
and metamvelocyvtes. Autographs of 
polymorphonuclear neutrophils — and 
nolvchromatophilic erythrocytes mav 
be dne to maturation after exposure 
of their precursors to P** or may re- 
flect the rate of phosphorus turnover 
in these more mature cell tvpes. 

The evidence from this study sup- 
norts the concept that the Ivwmpho- 
evtes take up less than the voung 
ervthroid and myeloid cells. Faint 
autographs of Ivmvhocvtes were seen 
in preparations of bone marrow and 
thymic cell susnensions. but none from 
the perinheral blood. Using data from 
the total Jeukoevte differential 
counts made when obtaining each 
cnecimen it mav noted that rat 12 
had 1595 lymphocytes per c.mm. just 
before the injection of isotone. and 
1200 lvmphocytes per c.mm. 48 hours 
later. One would presume that Ivmpho- 
evtes were being released into the 
blood stream. 

Autographs of —polvmorphonuclear 
neutrophils from the peripheral blood 


e\ 
ral 
at 
he 
ph 
nd 
at 
he 
lid! 
of 
ph 
alt 
sts, 
Olt 
lic 
ri- 
VS 
er 
eT 
be 
12 
re 
m 
ial 
Its 
V1- 
Is 
in 
od 
ng 
ral 
in) 
ell 
ot 
he 
PSt 


‘ 


O28 MORSE! SINGLE CELL Al 


were not obtained. Using rat 12, the 
most suitable animal, this point was 
not well investigated. The neutrophil 
count dropped from 2175 per c.mm. 
before injection to 60 per c.mm. 48 
hours later. The post mortem smear 
at 4 days showed obvious evidence of 
release of mature granulocytes and 
their precursors in the blood. The NTB 
preparation of this 4 day peripheral 
blood sample contained a rather small 
number of nucleated cells. No poly- 
morphonuclear neutrophils were iden- 
tified. About S mvelocvtes were seen 
of which some were atypical. Con- 
trary to expectation onlv one of these 
myelocytes autographed. The explan- 
ation of this. of course. mav lie in a 
relatively less sensitive NTB prep- 
aration. 

A study of histological sections from 
the group of animals used in this inves- 
tigation gives the impression that the 


destruction occurrine in’ the bone. 


marrow is more ravid and more com- 
plete than in the Ivmvhatic tissue? In 
accounting for this difference one must 
consider the radiation emitted by the 
P** in hone as well as that from P*2 
within the marrow cells. 

A few words mav be added about 
improvements and future applications 
of the method of investigation under 
study. Making some rough calculations 
of theoretical possibility. it is pointed 
out that the autographs obtained in 
this study are close to the borderline 
of possible definition®. More sensitive 
photogravhic emulsions are highly de- 
sirable. The Experimental Type NTB-3 
emulsion developed by the Eastman 
Kodak Company may be a step in this 
direction. A method detecting tracer 
doses is needed to obtain results of 
greater physiological value rather than 
one detecting lethal doses. It would 
be of interest, however. if the neces- 
sary dose could be brought into the 
range of therapeutic levels for treat- 
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ing blood dyscrasias so that) human 
material could be studied. 

It is also desirable to develop an 
exact method for uniform optimal de- 
velopment of the photographic emul- 
sion so that results may be compared 
on a somewhat quantitative — basis 
With more comparable results from 
plate to plate further study could be 
made of the factors affecting P** up- 
take by individual hemopoietic cells. 
Knowledge of these variables should 
make treatment of polveyvthemia vera 
and other blood dyscrasias more exact. 
At times when the cells need more 
phosphorus, as might occur with a 
low phosphorus diet, the P** uptake 
will be greater as will the hemopoietic 
damage. Perhaps for this reason rat 12 
died in 4 days, whereas 2 other ani- 
mals receiving larger doses survived 
7 and 10 davs. 

Some information might be obtained 
using the method reported in the study 
of experimental leukemia in mice. It 
is reasonable to correlate the lower 
P*? uptake in Ivmphocvtes and_ their 
precursors as compared with mvelo- 
evtes with the fact that Iwmphatic 
leukemia responds less well to P*? than 
mvelogenous leukemia. However, it is 
also well known that Roentgen ravs 
and many other agents used in 
leukemia are more effective in the 
mvelogenous form. 

If the method used in this investiga- 
tion could be anplied to the study of 
desoxvribosenucleic acid turnover’ in 
the hemopoietic elements, useful  in- 
formation might be obtained. Leblond. 
Stevens and Bogorosh*® have followed 
desoxvribosenucleic acid turnover in 
various organs vsine P*? and the auto- 
graphic method. Thev treated their 
tissues to remove water soluble phos- 
phates, phosnholinids and. by the use 
of ribonuclease. also the ribosenucleic 
acid. Desoxvribosenucleic acid was 
considered to be the source of most 
of the remaining phosphorus. There 
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is evidence that desoxyribosenucleic 
acid (a fundamental unit in nuclear 
protein) takes up new phosphorus 
molecules only during mitosis of the 
cell. Assuming that with this method 
autographing cells have been through 
a mitosis following the injection of 
one could study mitotic activity 
in marrow and lymphatic cell suspen- 
sions. Except in those conditions where 
leukoevtes might undergo mitosis in 
the peripheral blood, data might be 
obtained concerning the life evcle in 
the peripheral blood of the granulocyte 
and the lymphocyte. Such data would 
not vield exact figures, but it would 
he useful for comparative purposes if 
the dose of P*? required could be low- 
ered substantially. 

For some types of animal experi- 
mental work. C' labeled glycine 
seems definitely preferable to P*? be- 
cause of the verv small doses required. 
Bovd et al? used 3 uc. in a rat for their 
autographs of the peripheral blood 
cells. This tremendous advantage of 
C'™ for single cell autographs is largelv 
due to the much lower energy of its 
beta ravs. Manv of the C' beta par- 


ticles will contribute to a single cell 
autograph, whereas very few of the 
particles from P*? have a low enough 
initial energy to contribute to this 
type of autograph’. 


Summary. Single cell autographs of 
marrow and peripheral blood elements 
are reported for the first time follow- 
ing the injection of P** in rats. 

In the small number of satisfactory 
preparations studied, the youngest 
erythropoietic and granulopoietic forms 
from the marrow have the most. in- 
tense autographs, indicating rapid 
phosphorus turnover. Autographs of 
megakarvocytes and lvmphocytes are 
faint at best. 

If the observation of more selective 
uptake by marrow elements than 
occurs in the Ivmphatic system is sub- 
stantiated, it would suggest that radio- 
active phosphorus has some ad- 
vantages over Roentgen ray therapy in 
mvelogenous leukemia. 

The technique at present has many 
limitations. Desirable | improvements 
and some applications to hematological 
problems are discussed. 


The author is indebted to Dr. E. S. Mills for supplying the facilities for this investigation 
ind for advice and criticism. Gratitude is also expressed to Dr. C. P. Leblond and Dr. G. A. 
Bovd for instruction in their respective techniques. 
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INSTRUCTOR MEDICINE, SYRACUSE 
BOSTON, SIASSACHUSETTS, 


UNIVERSITY COLLEGE OF MEDICINI 
AND SYRACUSE, NEW YORK 


From the Thorndike Memoyial Laboratory. 2d and {th Medical Services (Harvard). Boston 
City Hospital and the De pariment of Medicine, Harvard Medical School, and from the Dr part 
ment of Medicine, Syracuse University ( ollege of Medicine 


ALTHOUGH the etiology of —hemo- 
chromatosis is unknown, She!don'? in 
his classic monograph on the subject 
concluded that the clinical and patho- 
logic characteristics. of — the disease 
were best explained by considering 
hemochromatosis “an inborn error of 
metabolism” congenital in origin. Shel- 
don supported this theory in part by 
the reports of 14 authors who had re- 
corded a familial or hereditary inci- 
dence of the disease. However, Shel- 
don thought that only 5 of the 14 re- 
ports were sufficiently well founded 
to “provide irrefutable evidence that at 
times hemochromatosis has a familial 
incidence.” 

Since Sheldon’s review. Lawrence!” 
has reported hemochromatosis — in 
brothers of 3 different families. One of 
these 3 families was particularly inter- 
esting and significant, as the disease 
developed in identical twins at about 
the same time. Harvier and coworkers? 
have described 8 cases of hemo- 
chromatosis occurring in 4 pairs of 
brothers. The diagnosis of hemo- 
chromatosis in Harvier’s cases were 
made on clinical data alone. John’ 
has reported a patient with hemo- 
chromatosis whose brother was pig- 
mented, and other authors''"*14 have 
recorded cases of hemochromatosis in 
which diabetes mellitus was present in 
some other member of the family. 
However, the paucity of data makes 
an evaluation of these cases difficult. 

The purpose of this communica- 

(530) 


tion is to report a family in which 2 


brothers had hemochromatosis proved 
at autopsy, while a sister is living, has 
diabetes, but not hemochromatosis, As 
“cortin” and 17 ketosteroid excretions 
were determined on | patient, some 
comments are made concerning adrenal 
function in hemochromatosis. 


Case Reports. Case 1. A. M. (B.C.H. 1, 27 
167), age 47, was a painter and sandblaster 
of Irish descent. Five vears before admission 
to the hospital the patient had noted a grad- 
ual darkening of his skin, loss of pubic and 
axillary hair, and the development. of impo 
tence. However, he felt well enough to work 
sieadilv until 1 month before admission to 
the hospital, when he received an accidental 
blow on his head while working. During con 
valescence from this injury he developed 
diarrhea, crampy right lower quadrant abdom- 
inal pain, and weakness. The bowel move 
ments were slightly watery but did not con- 
tain visible blood. The patient also had 
anorexia and lost weight but did not notice 
any polydipsia or polvuria, 

The patient's past historv was non-contrib 
utorv, including only childhood diseases 
occasional colds and minor injuries. His alco 
holic intake was slight 

Physicial examination revealed a well 
developed, poorly nourished chronically ill 
appearing individual. His skin was dry, of 
poor elasticity, and deeply pigmented. The 
pigmentation was brown with a slight blue 
tinge and generalized, although it was dark- 
est over his forearms and hands. Axillary, 
pubic and body hair was absent. A few small 
telangiectases were observed on the upper 
chest but there was no detectable icterus. The 
buccal mucosa showed small scattered areas 
of blue-brown pigmentation. Examination of 
the heart and chest revealed nothing remark 
@ble. The blood pressure was 138/62, puls 
65. The liver was hard, slightly tender and 
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extended to the pelvic brim and far into the 
lett upper quadrant. The spleen was felt 2 
fingerbreadths below the left costal margin. 
No other organs or masses were felt in’ the 
ebdomen. Both testicles were small and soft. 
Rectal and neurological examinations were 
negative. 

Laboratory Data. he urine was amber, 
acid in reaction with a specific gravity of 
1.012. ‘Tests tor albumin and sugar were neg- 
ative, while urobilinogen was present in the 
dilution of 1:128. The urinary sediment was 
negative. The hemoglobin was 10 gm. and 
the red count 3,670,000 cells per canm., with 

hematocrit of 32%. The white blood count 
was 9100 cells) per c.mm., with a normal 
differential. The icterus index was 14 and the 
non-protein nitrogen 26 mg. per 100 cc. A 

glucose tolerance test (LOO) gm. of glucose 
orally) showed a fasting blood sugar of 113 mg. 
with a rise of 218 mg. in 1 hour and a return 
te normal (1L06 mg.) in 2 hours. The total 
protein was 6.96 gm.%, the prothrombin time 
76% of normal, and the cephalin flocculation 

plus. A bromsulphalein test (5 mg. per kg. ) 
showed 6% retention in 45 minutes. The basal 
metabolic rate was + 2%. Urinary “cortin” 
excretion? was 1.2 mg./24 hours, (normal 1 
to 2 mg./24 hours) and the excretion of 17 
ketosteroids was 1.5 mg./24 hours. The serum 
iron was 205 y gm./100 ce. (average normal 
ce.)' and the total iron 
carrving capacity was 300°) agm./100 ce. 
average normal 300 ugin./100 

\ punch biopsy of the liver (Fig. 1) showed 
marked pigment cirrhosis with massive iron 
le position, 

Although the patient had 3 additional hos- 
pital admissions before his death, his subse- 
quent course may be summarized as follows: 
lhere was a rapid deterioration of the 
patient's carbohydrate metabolism as evi- 
denced by the fact that 3 weeks following his 
first hospitalization his fasting blood sugar 
was 117 mg. and 6 days later 270 mg. He 
finally required approximately 50 units of 
insulin per day for the control of his dia- 
hetes. The patient later developed ascites 
which was treated by a low-salt diet and 
mercurial diuretics. A second estimation of the 
“cortin” excretion during the latter part of his 
illness was 5.2 mg./24 hours. 

The patient succumbed to a massive gastro- 
intestinal hemorrhage, 9 months after the 
diagnosis of hemochromatosis had been made. 

At autopsy the liver weighed 3500 gm. and 
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its surface was hard and nodular, the nodules 
being | to 2 mm. in diameter. It cut with 
ineresised resistance and had a tawny red cut 
surface. The liver, lymph nodes, kidney, pan- 
creas, heart and spleen (Fig. 2) showed 
strongly positive iron reactions when treated 
with potassium ferricyanide and hydrochloric 
acid. 

The gastrointestinal tract was filled with a 
large amount of blood, the greatest concentra- 
tions being found in the stomach and in the 
terminal ileum. In the esophagus at the level 
of the diaphragm, there was a small erosion 
that was the apparent site of bleeding 
although no gross esophageal varices were 
demonstrated. The adrenal glands were nor- 
mal to gross examination as were the testes 
except for the small size of the latter. 

Microscopic examination of the skin showed 
small deposits of melanin in the basal layers 
of the stratum malphigian. In addition, some 
epithelial cells of the sweat glands and macro 
phages of the corium contained hemosiderin. 
Sections of the liver, pancreas, heart, lymph 
nodes, gastrointestinal tract, kidneys, and 
choroid plexus contained iron pigment that 
was accompanied by extensive fibrosis in the 
liver, pancreas, and lymph nodes. 

The deposition of iron pigment the 
adrenal glands was limited to the zona glom- 
crulosa (Figs. 3 and 4). Moderate amounts 
of hemosiderin were found in all cell types 
of the anterior pituitary gland. In the testes, 
no iron pigment was de tected, although it was 
noted that there were few spermatogenic cells 
and no maturing sperm. The number of inter- 
stitial cells appeared diminished. 


Case a 35 vear old surveyor 
was admitted “the hospital because of 
repeated attacks of pain in the left upper 
quadrant of his abdomen for 5 days. Five 
months before admission he had noted a 
heavy sensation in his right upper quadrant 
and that his skin appeared darker than usual. 
He consulted a physician at this time who 
told him that his liver was enlarged. During 
the month preceding admission he had felt 
weak and lacked his usual vitality. 

The patient's past history was non-con- 
tributory. 

On physical examination the patient was 
well developed and well nourished. His skin 
was dry with a diffuse brown gray pigmenta- 
tion of the face, neck and arms. The buccal 
mucosa Was not pigmented and there was no 


* These determinations were done through the kindness of Dr. Clement Finch at the Peter 


Bent Brigham Hospital, Boston. 


tl am indebted to Dr. Walter L. Palmer of the University of Chicago Medical School for 


the data on this patient. 


q 

irt 
ed 
has 
\s 
he 
ia] 
i4 
ter 
on 
nd 
ork 
to 
tal 
ed 
iit 
acd 
il] 
ot 
he 
ill 
Cl 
he 
as 
of 
k 
id 


) 


hyperpigmentation of the axillae, nipples, and 
genitalia. The eves, ears, nose and throat were 
not remarkable. Numerous small discrete 
non-tender cervical and submaxillary Ivinph 
nodes were palpable. oa 

The blood pressure was 115/90. Examin- 
ation of the heart and lungs was negative. 
rhe liver was palpated 4 fingerbreadths below 
the right costal margin and was smooth and 
non-tender. There were no other palpable 
masses or organs in the abdomen. Rectal and 
neurological examinations were negative. 

A urinalysis was negative, including a Rous 
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test for hemosiderin. The red blood count was 
3,500,000 cells per c. mm. and the hemoglobin 
75%. The white blood count was 9900 cells, 
with a normal differential count. A glucose 
tolerance test and a bromsulfphalein test were 
within normal limits. 

The patient was discharged with a diag- 
HOSIS ot hemochromatosis and did moderately 
well for 2% vears. He was then admitted to 
a community hospital because of a gastro- 
intestinal hemorrhage and died shortly there 
after. 

An autopsy done by the Departinent ot 


Fic. 1.—Punch biopsy of the liver (Pt. A. M.) showing extensive iron deposition and fibrosis. 


Hematoxylin and eosin (x 140). 
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Pathology of the University of Chicago con- 
firmed the diagnosis of hemochromatosis and 
gastrointestinal hemorrhage. The liver weighed 
1923 gm. and was nodular and fibrotic. The 
gastrointestinal tract contained a large amount 
of blood. Microscopic sections revealed pig- 
ment deposition in the patient's liver, pan- 
creas, lymph nodes, myocardium, thyroid, kid- 
ney, zona glomerulosa of the adrenals, thymus 
and salivary glands. 

Case 3. M. a 52 vear old widow, had 
diabetes which was discovered 3 years ago 
when the patient was hospitalized for gan- 
vrene of a toe on her left foot. Her diabetes 
was well controlled with 35 units of prota- 
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mentation. Examination of her ears, nose, 
throat, and mouth was negative. Her left eve 
was the site of a cataract and the fundus of 
the right eve showed moderate arteriovenous 
nicking as well as 1 small hemorrhage and 
2 small areas of patchy white exudate. 

The blood pressure was 180/90. The lungs 
Vere normal to percussion and auscultation 
and examination of the heart showed. slight 
enlargement to the lett. 

In the right upper quadrant of the abdomen 
there was a well healed scar. The liver edge 
was palpated fingerbreadth below the 
right costal margin and was slightly tender to 
palpation. No other palpable 


THRASSES 


Portions of organs (Pt. A. M.), removed at autopsy and treated with potassium fer- 


ricvanide and hydrochloric acid, showing positive iron reactions. The left hand column shows 


untreated, the one next to it, treated portions of liver, spleen and myocardium: the next 2 


columns show the same tor pancreas, kidney, and Iwmph nodes. 


inine zine insulin daily, and following an am- 
putation of her toe she was discharged. 

Two years later the patient had a cholecy- 
stectomy for right upper quadrant pain. At 
operation, no note of the state of the liver was 
reported. Since this operation the patient's 
insulin requirements have decreased until at 
the present time she is well controlled on 8 
units of protamine-zinc insulin daily and a 
2000 calorie diet. 

A recent physical examination revealed a 
well developed, well nourished middle aged 
woman. Her skin showed no abnormal pig- 


organs were present in the abdomen. The 
remainder of the examination was non-con- 
tributory. 

urinalysis showed green reduction 
with Benedict's solution and a Rous test for 
hemosiderin was negative. A-red blood cell 
count, hemoglobin and white blood cell count 
were within normal limits. 

In order to determine if this patient had 
hemochromatosis, a punch biopsy of the liver 
was done. It showed a normal appearing liver 
without evidence of pigment cirrhosis or iron 
deposition, 
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Other members of this family were 
investigated as far as possible with the 
following findings. The father of the 
above patients died at $6 of a “natural 
death” and the mother of a “shock” 
at 76. Of the 2 other siblings of the 
reported patients, 1 is alive and well, 
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and | is dead, the cause of the latter's 
demise being unknown. Neither of 
these siblings had any children. 
Patient A. M. had 9 children ranging 
in age trom 6 to 19 vears. Seven of 
these children have been examined 
and none exhibited any detectable 
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Fic. 3.—Low power view of an adrenal of patient A. M. Note the localization of iron to the 
zona glomerulosa. Hematoxylin and eosin (x 40). 
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abnormalities. Another of the children 


is in active service in the Navy at the 
present time. 

Patient J. M. had 3 children, 1 of 
whom died in infancy. Patient T. M. kK. 
has 3 living children, Although none of 
these latter 5 offspring has been ex- 
amined, each is allegedly well. 
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Discussion. ‘The incidence of familial 
hemochromatosis and its implications 
in the pathogenesis of this disease have 
been reviewed in the introduction of 
this paper. Suffice it to say that the 
present cases add another instance in 
which hemochromatosis has been 
found in brothers and in these cases 
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High power view of adrenal (Pt. A. M.) showing iron deposition in the cells of the 


zona glomerulosa. Hematoxylin and eosin (x 300). 
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confirmed by autopsy. However, the 
report of this family should also inter- 
ject a note of caution in the evaluation 
of familial hemochromatosis. Several 
authors have assumed that if an indi- 
vidual was found to have hemo- 
chromatosis and a member of his 
family had some stigmata of 
chromatosis (namely diabetes « pig- 
mentation ) that the latter also ca the 
disease. Patient T. M. K. is an example 
of the possible danger that this 
assumption involves, as she had 2 
brothers with proved hemochromatosis. 
has diabetes, and a palpable liver; vet 
a liver biopsy, the most reliable clinical 
test for hemochromatosis, was negative 
for anv evidence of this disease. 

It is generally agreed that the pig- 
mentation that occurs in hemochro- 
matosis is due to the deposition of both 
hemosiderin and’ melanin in the skin. 

The presence of hemosiderin in the 
skin is not surprising, but the reason 
for increased melanin pigmentation is 
less clear. As Addison's disease is 
accompanied by increased melanin 
pigmentation, it has frequently been 
stated that in hemochromatosis the 
deposition of hemosiderin in the zona 
glomerulosa of the adrenal is the cause 
of the abnormal melanin pigmentation. 
Hellier> found in 57 cases of hemo- 
chromatosis that 35 increased 
melanin pigmentation, and that of 
these 35, all had iron deposition local- 
ized to the zona glomerulosa. How- 
ever, aside from the melanin pigmen- 
tation and a tendency to hypotension, 
other evidence of adrenal insufficiency 
is almost always lacking'’, although 
occasional cases have been reported”. 

Patient A. M.. who in- 
creased melanin pigmentation and 
characteristic deposition of iron in the 
zona glomerulosa of his adrenals, ex- 
creted 1.2 mg. and 5.2 mg. of “cortin” 
on 2 respective determinations. As the 
first determination is within normal 
limits and the second considerably 
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above normal, although consistent with 
an individual who was ill, the deposi- 
tion of hemosiderin in his adrenals did 
not result in a decreased “cortin” excre- 
tion. The method? used to determine 
“cortin” correlates in general with the 
excretion of the “glycogenic” corticoids, 
so the lack of other adrenal com- 
ponents could be responsible for the 
melanin pigmentation. However, the 

“electrolyte-controlling” hormone, de- 
soxycorticosterone, has little if any 
effect on the pigmentation of f adrenal 
insufficiency, and, as far as androgenic 
fractions are concerned, a lack of them 
(as in hypogonadism) tends to cause 
decreased pigmentation, an opposite 
situation from that of hemochroma- 
tosis. Because of the above observa- 
tions some question must be raised 
concerning the theory that adrenal 
involvement in hemochromatosis is the 
cause of the increased melanin pig- 
mentation. Other factors such as the 
local deposition of iron in the skin 
with subsequent irritation and changes 
in oxidation-reduction systems may 
play the predominant role. 

On the other hand. if the deposition 
of hemosiderin in the zona glomeru- 
losa is the cause of the melanin pig- 
mentation hemochromatosis, it is a 
remarkable localization of that por- 
tion of the adrenal cortex that is 
responsible for pigment changes in 
adrenal dysfunction. Evidence that re- 
spective zones of the human adrenal 
cortex produce steroids having differ- 
ent actions is meager. Blackman! 
found hyperplasia of the zona reticu- 
laris alone in 9 cases of the adreno- 
genital syndrome, thus suggesting that 
this zone is the source of the andro- 
genic hormones. Although Deane and 
have presented evi- 
dence from experiments on rats that 
the salt regulating hormones of the 
adrenal cortex are elaborated by the 
zona glomerulosa the carbo- 
hydrate regulating hormones from the 
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zona tasciculata, the latter zone alone 
being under pituitary control, there are 
objections to the applicability of these 
findings to human adrenal function 
and morphology. When pituitary 
adrenocorticotropic hormone is admin- 
istered to humans, there is evidence 
that the excretion of electrolyte con- 
trolling, carbohydrate regulating and 
androgenic hormones are all in- 
creased®, and secondly in the histologic 
examination of the adrenals of indi- 
viduals with pituitary insufficiency, 
selective atrophy of the fasciculata 
with preservation of the glomerulosa is 
not noted!", 

Summary. The occurrence and. sig- 


HEMOCTHROMATOSIS 537 


nificance of familial hemochromatosis 
is reviewed. Two cases of hemo- 
chromatosis occurring in brothers and 
confirmed at autopsy are presented. 
A female sibling who had diabetes and 
an enlarged liver but did not have 
hemochromatosis is also presented. 

In 1 patient with hemochromatosis, 
melanodermia, and’ hemosiderin depo- 
sition of the adrenal cortex, the 
amount of “cortin” excreted was found 
to be within normal limits on 1 occa- 
sion and above normal on another. A 
discussion of these “cortin” values and 
melanin pigmentation in hemochroma- 
tosis leaves the problem of their rela- 
tionship undecided. 
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CLOT RETRACTION. IFS 


PHYSIOLOGICAL AND 


CLINICAL SIGNIFICANCE® 


By AnMAND J. Quick, Ph.D., M.D. 
MILWAUKEER, WISCONSIN 


From the Department of Biochemistry, Marquette University School of Medicine 


Soon after the discovery that the 
number of platelets was reduced in cer- 


tain types of purpura, Havem!'" made. 


the important observation that clot re- 
traction did not occur following the 
clotting of thrombocytopenic blood. 
His finding was confirmed by Bordet 
and Delange*, LeSourd and Pagniez!” 
Opitz and Schober**,  Fonio®, and 
others. It was further established that 
only intact phatelets were capable of 
bringing about clot retraction. 

In spite of these convincing experi- 
mental findings, which clearly sug- 
gested that platelets were the key 
factor in clot retraction, a number of 
workers, including Achard and Ag- 
naud', Roskam*!', Howell'®, Hirose!', 
Pickering and Hewitt", postulated that 
retraction was an inherent property of 
the fibrin gel, with platelets plaving 
either no or only a subsidiary role in 
this process. While it is certain now 
that their conclusions: were based on 
experimental results that were tech- 
nically faulty, their views continue to 
have adherents. Thus, Mackay?" in 
1931 wrote: “In retraction of the clot 
the platelet is of secondary importance 
and serves to augment the retractile 
property of the fibrin.” Lampert'? ex- 
pressed a similar view: “In summary 
one can state that thrombocyvtes can 
influence retraction, but the process 
also occurs without them” (Author's 
translation ). 

It is to be remembered that the 
period during which the platelets were 


relegated to a minor position or 
entirely eliminated from consideration 
in the coagulation reaction, coincides 
fairly well with the time when the 
application of colloid) chemistry to 
biology was enthusiastically but often 
uncritically accepted by physiologists 
and clinicians. Clot retraction was re- 
garded as analogous or identical with 
svneresis, a phenomenon of shrinking 
observed in a colloidal gel. Actually 
the fibrin clot cannot be classed as a 
colloidal gel. A number of investiga- 
tors, particularly Stibel* and Howell", 
showed by microscopic studies that 
the formation of fibrin resembles true 
crystallization, and furthermore the 
clot itself is a reticulum) of fibrin 
strands and not an amorphous mass as 
is a true colloidal gel. 

The problem of how platelets cause 
clot retraction has not been solved 
LeSourd and Pagniez'* in 1906 pos 
tulated that platelets furnished a_fer- 
ment which caused the tibrin to retract 
A similar concept was expressed by 
Glanzmann*, who named this hypo- 
thetical enzyme retractozyvme — and 
postulated that platelets having a de- 
ficiency of this agent were responsible 
for a disease which he designated as 
thrombasthenia. The hypothesis of a 
specific clot-retracting enzyme is difh 
cult to reconcile with the known fact 
that only intact platelets are capable 
of causing clot retraction. Frank? in 
1911 explained the action of platelet 
as mechanical. According to his view 


* This work was supported by a grant from the Division of Research Grants and Fellow 
ships of the National Institute of Health, U.S. Public Health Service. 


(538) 


a 
4 
| | 
| 

> 
. 
ae 


QUICK: CLOT 


little clumps of platelets anchor in the 
knots of the fibrin net and as they 
shrink cause contraction of the clot as 

whole. A similar concept was later 
developed by Tocantins*! 

In the investigations reported in this 
paper the function of platelets in clot 
retraction was restudied and_ the 
probable role of clot) retraction in 
hemostatis and venous thrombosis is 
considered, 

Principat Facrors INFLUENCING 
Rerraction. Recently Quick, Shan- 
berge and Stefanini® showed that the 
speed and degree of clot retraction is 
proportional to the number of plate- 
lets. In their experiment they emploved 
native plasma obtained by collecting 
and centrifuging blood in silicone- 
eated glassware. Since no reagents 
were added. and since only the mum- 
ber of platelets were varied, their find- 
ings may be taken as direct proof that 
clot retraction is proportional to the 
platelet count, provided other factors 
re maintained constant. In order fully 
to evaluate clot retraction, it becomes 
necessary to determine the secondary 
factors that influence this process. 

The simplest approach to the prob- 
lem is to determine whether clot 
retraction can occur in a system con- 
sisting of purified fibrinogen. washed 
platelets and thrombin. The following 
experiment was carried out. 

Procedure. Normal human blood was col- 
ected in silicone-coated glassware. One vol- 

me of 0.2 M. sodium citrate was mixed with 
‘volumes of blood. After centrifuging at 800 
pn. for 15 minutes, the plasma rich in 
platelets was removed and_ recentrifuged 
(000 r.p.m. The plasma was poured from the 
uucked platelets. The latter were resuspended 
n 0.85% sodium chloride solution and again 
aacked by centrifugation. 

The fibrinogen was salted out from the 
latelet-poor plasma by mixing it with 12 
olumes of saturated NaCl solution. After 
llowing the mixture to remain in an ice bath 
wr 30 minutes, the fibrinogen was packed by 


entrifugation. It was washed with half sat- 
rated NaCl, and after all the solution was 
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removed, it was redissolved and made up to 
Sov of the original plasma volume. The 
washed platelets were resuspended the 
solution of fibrinogen. Aliquots of 2 cc. of 
this suspension were put in a_ series of test 
tubes to which increasing amounts — otf 
thrombin were added. From the results in 
Fig. 1, it can be seen that when the amount 
of thrombin added is very small, complete 
coagulation results, but no clot” retraction 
occurs. When the quantity of thrombin is 
increased, clot. retraction is produced and 
hecomes proportional to the volume of 
thrombin added. 


reasonable explanation for the 
cHect of thrombin on clot retraction 
is as follows: Platelets in the absence 
of thrombin are quite stable even in 
contact with a foreign surface. Fonio" 
noted that thrombin caused platelets 
to pseudopods and increased 
their adhesiveness with the result that 
thev became fixed to fibrin needles 
and disintegrated. Quick and Favre- 
Gillv?’? noted that thrombin was 
promptly removed from blood by 
fibrin through adsorption. It can be 
postulated that if the amount of throm- 
bin is relatively high. the fibrin strands 
become saturated and some thrombin 
will appear on the surface. Platelets 
coming in contact with this surface 
layer of thrombin, will adhere, undergo 
metamorphosis and ultimately disinte- 
grate. In this process the fibrin strand 
to which the platelet is firmly attached 
hecomes twisted, bent and shortened. 
Whether this is brought about purely 
hv mechanical means or is the result of 
physicochemical changes remains un- 
determined. If the amount of thrombin 
is low, little of it appears on the sur- 
face of the fibrin strands, and therefore 
few platelets adhere and disintegrate. 
This results in a non-retractile clot. 

Whiie the explanation for the effect 
of thrombin on clot retraction is hvpo- 
thetical, the results presented in Fig. 1 
show unequivocally that the concen- 
tration of thrombin quantitatively 
influences the completeness of clot 
retraction. 
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ce Fic. 1.—The Influence of the Concentration of Thrombin on Clot Retraction 
; 2 Thrombin was added to a suspension of washed human platelets in a solution of purified 
= fibrinogen. Retraction can be attributed to the adsorption of thrombin to fibrin which produces 
7 a surface on which platelets adhere, coalesce and disintegrate 


‘ Fic, 2.—The Effect of Adding Thrombin to Native Platelet-Rich Hemophilic Plasma 
; A small amount of thrombin was added to Tube 1. It caused the formation of a clot which 
7 rapidly contracted to a very small nub that can be faintly seen on the surface. The initial clot 
2 removed all the platelets, therefore the secondary clot failed to contract. In Tube 2 enough 


= thrombin was added to coagulate nearly all of the fibrinogen immediately. A veil of fibrin 
} formed about the primary clot, because on retraction it expressed a serum containing thrombin 
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QUICK: CLOT 

When thrombin is added to native 
hemophilic plasma rich in platelets, 
clot retraction occurs promptly and the 
clot shrinks to a small nub, which later 
becomes surrounded by a secondary 
clot (Fig. 2). This experiment again 
illustrates that thrombin is essential for 
clot retraction. The secondary clot is 
the result of thrombin in the serum 
expressed from the clot. 

Clot retraction is usually measured 
in glass test tubes. In 1940, Hirsch- 
hoeck!? observed that when blood is 
put into a vessel coated with collodion. 
coagulation was delayed and clot. re- 
traction failed to occur. Other surfaces 
such as paraffin and silicone which also 


cause a delay in coagulation. do not 


RETRACTION 
begin to adhere; when they disinte- 
grate and initiate clotting, the fibrin 
will be firmly attached with the plate- 
let debris acting as a cementing 
medium. In Fig. 3, the influence ot 
glass, silicone, lusteroid, and collodion 
surfaces on clot retraction is shown. In 
the fifth tube, which was coated with 
collodion, thrombin was added to aug- 


ment the retractile. force, with the 
result that some retraction did occur. 
It is generally known that clot 


retraction is influenced by the hemato- 
crit reading. The reason is obvious. 
The cells constitute a non-retractile 
mass. and the greater the cell volume 
of the blood the more the force re- 
quired to compress the cell and fibrin 


| : 


Fic. 3. 


The Effect of the Surface of the Container on Clot Retraction. 


Retraction is poor in lusteroid and absent in the collodion coated tube. When additional 
hrombin is supplied, some retraction occurs in collodion tube, as seen in Tube 5. 


uhibit clot retraction. The peculiar 
ffect of collodion has remained a puz- 
le. It is obvious that the fibrin 
ecomes so firmly attached to the 
ollodion surface that it resists the 
iternal retractile. force of the clot. 
ecently Quick** has found that col- 
dion, like fibrin, absorbs thrombin: 

has, explained the anti-coagulant 
‘tion of this surface by its property 

removing thrombin, thereby pre- 
‘nting the thrombinogenic chain re- 
tion. As the collodion surface 
cumulates thrombin, platelets will 


coagulum. If the force remains con- 
stant, but the cell volume is varied, the 
retraction becomes proportional to the 
hematocrit reading, as shown in Fig. 4. 
This explains why anemic blood ex- 
hibits greater clot retraction than does 
normal blood, a fact which has clinical 
significance as will be discussed later. 

The results of the present study, as 
well as earlier findings, clearly show 
that clot retraction is dependent upon 
4 factors: 1, the number of platelets; 
9 the concentration of thrombin; 3. 
the surface surrounding the clot; and 
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$ the cell volume of the blood. The 
first two are intrinsic, whereas the re- 
maining ones are extrinsic. There are 
probably other minor factors such as 
the concentration of fibrinogen. It is 
fairly certain, however, that this sub- 
stance plavs essentially & passive role, 
and that the usual range of concentra- 
tion has no significant influence on 
retraction. 

Recently Ackrovd? observed — that 
when he added sedormid to the blood 
of patients who had recovered from 
thrombocytopenic purpura induced by 
this drug platelet agglutination and 
lvsis rapidly occurred, and no clot re- 
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edges of a severed vessel. This idea 
was accepted by Seegers and Sharp®, 
and by Aggler and Lucia*, who repro- 
duced the drawing in color. Zucker*’, 
however, called attention to the fact 
that when an injured vessel was ob- 
served under the microscope, only 
platelet agglutination and vascular 
contraction was seen. 

Clot retraction as mechanical 
mechanism in hemostasis has no exper- 
imental confirmation, and there are 
obvious reasons why it is unlikely to 
have anv role. In the first place, retrac 
tion is a slow process. In a test tube 
it usually takes 30 minutes or more 


Fic. 4 The Relation of Clot Retraction to the Cell Volume of the Blood. 


The composition of the plasma and the platelet count were maintained constant, but the 


} 


red cell volume was varied 


traction took place. This can be con- 
sidered as further proof that clot 
retraction is caused only by intact and 
discrete platelets. 

THe FUNCTION 
Rerraction. Hemostasis. As long 
as the fibrin clot was looked upon as 
a mechanical plug which the organism 
emploved to effect stanching, it was 
logical to assign to retraction a specific 
role in this mechanism. Frank’ be- 
lieved that it functioned in closing 
iniured vessels, and Fonio® designated 
retraction as a physiological ligature. 
Ouick?* in his monogranh showed by 
means of a pen drawing how retraction 
could theoretically pull in the torn 


before any separation of serum can bi 
observed. In the second place, the 
retractile force is so weak that it is 
inconceivable how it can pull arteria! 
walls together against the force of th 
blood pressure. According to the the 
ory of Quick**, hemostasis is effecte 
primarily by the liberation of a vaso 
constrictor principle from disintegrat 
ing platelets. A clot within the lume 
of a vessel need not be postulated 
In fact. hemostasis can satisfactoril 
be explained by an extravascular clo 
which acts as the medium for the con 
tinvous slow production of thrombi: 
which in turn causes the disintegratio 
of platelets and an uninterrupted 
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eration of the vasoconstrictor agent 
thrombotonin ). ‘the clot must not be 
regarded as an inert end-product ol 
the coagulation mechanism, but rather 
as the medium for the continuation of 
the process. 

Venous Thrombosis. Surprisingly 
few investigators have considered a 
possible relationship between clot  re- 
traction and thrombo-embolism. Lam- 
pert’? in 1935 assigned a probable role 
to clot retraction in the mechanism of 
thrombosis. Hirschboeck and Coffey" 
observed that clot retraction time was 
shortened in patients that had recent 
pulmonary embolism. Hirschboeck" 
extended these studies and devoloped 
simple test for determining clot 
retraction. The procedure consists in 


Steps 
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taming the appearance of a globule of 
serum atter a drop of blood has beeu 
suspended in castor oil. 

When Quick and Favre-Gilly*’ dis- 
covered that very little prothrombin 
was converted to thrombin in the unre- 
tracted clot, but that a rapid conversion 
ensued when the clot was mechanic- 
ally separated from the serum by 
centrifugation, it became clear that 
the serum expressed by retraction like- 
wise was rich in nascent thrombin. 
This offered a logical explanation for 
the propagation of a thrombus in a 
vessel. The various steps in the pro- 
cess are presented in Fig. 5. As a result 
of an injurv to the vessel wall, even 
though it be minor, the endothelial 
surface becomes altered. Platelets re- 


blood ‘ 
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5.—The Probable Sequence in the Formation of a Venous Thrombus. 


Step 1. Injury of vessel wall, adherence of platelets to local area of trauma. 
Step 2. Disintegration of platelets. Formation of a reticulated fibrin clot enmeshing intect 


itelets. 
Step 


Step 


nascent thrombin by clot retraction. 


3. Retraction of primary clot expressing a serum rich in nascent thrombin. 
Step 4. Formation of a new fibrin coagulum attached to the primary thrombus. 
5. Growth of thrombus by successive formation of new clots, repeated elaboration 
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pelled by normal endotielium begin 
to adhere to the damaged intima. Soon 
the traumatized area is covered by 
agglutinated platelets. As these celis 
disintegrate, thrombin is tormed which 
produces a fibrin clot attached to the 
vessel wall. As this primary clot under- 
goes retraction, it expresses a serum 
in which thrombin will quickly form. 
If the circulation is rapid, the serum 
is promptly washed away. This is 
what occurs in an artery as a rule and 
explains why arterial thrombosis is 
rare. 

In a vein, especially if the circula- 
tion is sluggish, the expressed serum 
causes the coagulation of the blood 
about the primary thrombus. A new 
coagulum is thus superimposed and 
attached to the initial clot. The new 
portion of the thrombus has intact 
platelets enmeshed in its reticulum; 
therefore, it will undergo retraction, 
a fresh serum will exude and a new 
clot will form. Thus by successive 
retractions, the thrombus grows. The 
propagation of the clot will be in the 
direction of the blood stream, and 
will occur mostly at the tip. A long 
thrombus, unattached except at the 
area of origin, can form and it will 
float freely in the vein, since retraction 
reduces its diameter to less than that 
of the lumen. 

If the concept relating clot retrac- 
tion to venous thrombosis is correct. 
the factors that influence retraction 
should likewise be factors in throm- 
bosis. As already stated, 4 major factors 
affect clot retraction. The first — is 
the number of circulating platelets. 
It is well known that thrombocytosis 
predisposes to thrombosis and embol- 
ism. Thrombosis is not uncommon fol- 
lowing splenectomy, and after this 
operation a marked rise in platelets 
usually occurs. 

In regard to the second factor, 
increase in thrombin production, posi- 
tive proof is lacking, since no good 
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methods have been available to meas- 
ure changes in thrombin tormation. 
With the new prothrombin consump 
tion test?" it is probable that a 
relationship may be established. Hy 
perprothrombinemia has no pri actical 
significance, as even a normal concen- 
tration of prothrombin exceeds the 
supply of available thromboplastin. It 
is the latter agent which is the limit- 
ing factor in coagulation, and prelim- 
inary studies show that it fluctuates 
widely even in normal individuals. Its 
measurement by the — prothrombin 
consumption test offers a 
approach, at least theoretically, to the 
detection of a thrombotic tendency. 
At present reduction of thrombin 
formation is used successfully re- 
ducing the incidence of thrombosis. 
Both heparin and Dicumarol decrease 
the formation of thrombin. Heparin, is 
both an antithrombin and an antipro- 
thrombin, whereas Dicumarol causes a 
fall in the level of the prothrombin in 
the blood. 

The third factor, the surface’ sur- 
rounding the clot, offers an explana- 
tion for the difference in the tendency 
to embolism between thrombophlebi- 
tis and phlebothrombosis. If a large 
section of the vein becomes inflamed 
platelets will adhere over an extensive 
surface. The resulting clot, therefore 
is firmly attached and pulmonary em- 
bolism is rare. Recurrent thrombophle- 
bitis or thrombophlebitis migrans_ is 
a good example of a pure inflammatory 
type. The more pronounced the symp 
toms, the more extensive the inflam 
mation and the firmer the attachment 
of the clot. In the phlebothromboti« 
tvpe, the area of impaired vein wall! 
is small and the intima surrounding 
the clot is normal. Therefore, a clo! 
12 to 18 inches in length may floa 
freely with no attachments along it 
course in a vein. 

The influence of the cell volume o 
the blood on clot retraction is fairl 
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well known, but the relation of anemia 
to thrombosis is often overlooked. 
Shaw in 1924 discussing a paper of 
Glynn” on thrombosis stressed — the 
importance of anemia in thrombo- 
embolism; Dr. Donald, the chairman 
of the meeting, agreed with Shaw’s 
views. Ochsner*! also named -anemia 
as a factor in thrombosis, but he 
attributed the tendency to a diminu- 
tion of cardiac tone. Hirschboeck"™ 
called attention to anemia as a cause 
of increased clot retraction, and a 
factor in thrombosis. In the present 
study the relationship of cell volume 
to clot retraction is again demonstrated 
experimentally. The increased retrac- 
tion of anemic blood may be enough 
to produce a thrombotic tendency. 
even though the other factors remain 
unaltered. According to this view, 
transfusions to correct anemia become 
an important prophylactic measure. 

Summary. Clot retraction was stud- 
ied to determine its probable function 
in hemostasis and venous thrombosis. 
The reasons are discussed why it. is 
unlikely that the organism employs the 
retraction of the clot as a mechanical 
means of effecting stanching of blood. 

The possible role of clot retraction 
in thrombosis is presented. The initial 
clot, formed as the result vas- 
cular damage which causes platelets 
to accumulate disintegrate, on 
ontraction expresses a serum rich in 
nascent thrombin. If the circulation is 
sluggish the formation of a secondary 
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clot about and attached to the primary 
coagulum occurs. By successive form- 
ation and retraction of the new clots. 
the thrombus is propagated. According 
to this concept, the factors which in- 
crease clot retraction should increase 
a tendency to thrombosis. With this 
objective the primary factors causing 
retraction were investigated, 

A rise in the platelet count causes 
augmentation of retraction clin- 
ically it is known to increase the 
thrombosing — tendency. | Conditions 
which bring about an accelerated 
formation of thrombin cause faster and 
greater clot retraction. It may be pos- 
tulated that it also increases the 
incidence of thrombo-embolism. By 
reducing the formation of thrombin. 
the tendency toward thrombosis — is 
depressed This is clinically accom- 
plished by means of heparin and 
Dicumarol. The inability of a fibrin 
clot to adhere to a non-wettable sur- 
face explains why an_ intravascular 
clot forms little or no attachments to 
healthy normal intima. Total blood 
cell volume is an important determin- 
ant of clot retraction. 

In severe anemia retraction is both 
rapid and marked in extent. This sug- 
gests that anemia is a significant con- 
tributory factor in thrombosis and 
embolism, a fact verified by clinical 
observation. The importance of blood 
transfusion to correct anemia as a 
provhvlactic measure against throm- 
boembolism is stressed. 
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Tur progressive development of an 
elevated concentration of potassium in 
extracellular fluid, with resultant car- 
diotoxicity, has been recognized as one 
of the principal hazards in severe renal 
insufficieney associated with oliguria or 
anuria In the absence of 
adequate means for artificial dialvsis, 
no reliable method has been available 
hitherto for the treatment of this com- 
plication. This paper is to report that 
such hvperkaliemia appears to be sim- 
and effectively controlled by the 
administration of cation ex- 


6.8,15.16,20 


ply 
enteral 
change resin. 

Cation exchange resins are svuthetic 
polymers with sulfonic or carboxylic 
side chains which exchange hydrogen 
rr ammonium ions for other cations. 
These resins have been demonstrated 


° This work was done in the Chemical and 


to take up sodium in the intestinal 
tract and have been found useful in 
the treatment of various types of 
edema?" Since potassium may 
also be removed from the body by 
such their use in renal 
insufficiency complicated by hyperka- 
liemia seemed logical. For this reason 
the following studies were undertaken. 


Experimental Material and Methods. A 
carboxylic ammonia exchange resin} was 
vdministered by mouth or by rectum to 3 
oliguric or anuric patients with chronic or 
veute renal insufficiency who were develop- 
ing hvyperkaliemia. Patient J. R. was a 36 
year old negro male with hypertensive cardi- 
evascular disease and nephrosclerosis with 
chronic uremia and oliguria, Patient I. C. was 
a 45 vear old white woman with lower 
nephron nephrosis and anuria due to an 
incompatible blood transfusion. Patient R. F. 
was a 40 vear old white man with a similar 


Renal Sections of the Department of Medicine 


uid in the William Pepper Laboratory; the help of the several staffs is gratefully acknowledged. 
Laboratory facilities were aided by grants from the National Heart Institute, U.S.P.H.S., and 


by the C. 


Mahlon Kline Fund of the Department of Medicine. 


+ We are indebted to Smith, Kline and French Laboratories, Philadelphia, for supplying 
the ammonium form of the resin, Amberlite XE-96, used in these studies. This form of the resin 
ontains no potassium and should not be confused with their preparation, Resodec, which is a 
\ixture of both ammonium and potassium forms. The latter is contraindicated in hyperkaliemia. 
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condition. Resin was administered orally or 
by tube to Patient J. R. as a 74% suspension 
in whole milk or as a 17% suspension in water, 
respectively. Patient I. C. received the resin 
by enema as a 10% suspension in water, 
hecause she repeatedly vomited the resin 
when it was given by mouth. Patient R. F.. 
therefore, was given resin by rectum to fore 
stall possible emesis. The administration of 
resin in enemata had the further advantag 
that the amount of cation exchanged could be 
measured in the returns. 

During the study in each patient, serum 
and blood were analyzed daily for electrolytes 
and urea nitrogen, and, except for the latter 
part of the study of J. R., complete balances 
were measured of chloride, sodium, potassium 
and nitrogen. Sodium and potassium in serum 

nd urine were determined by means of a 
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Cumulative 
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Potassium o+ 
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Barclay internal standard flame photometer?*, 
chloride in serum and urine by the methods 
of Eisenman® Harvey!!, respectively. 
Total CO. content was measured in serum 
Ly the method of Van Slyke, and nitrogen in 
urine and feces by macrokjeldahl. Stools con- 
taining resin were digested as the whole 
specimen with concentrated nitric acid and 
the diluted filtrate poured through the flam« 
photometer for the determination of sodium 
and potassium. Such analyses of fecal speci 
mens were checked with chemical methods 
uranyl zine acetate for sodium and chloro 
platinate for potassium$) the results 
agreed within 4%. 

From the changes in serum concentration 
and the balance of chloride, the change in 
extracellular fluid volume (as chloride space 
was caleulated?. Given this value trans- 


Death 
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Fic, 1.—Patient J. R. Nephrosclerosis with oliguria and uremia. 


§ Chemical analyses were done through the 


Kline and French Laboratories. 


courtesy of Dr. A. E. Hemming of Smith 
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fers of potassium between extracellular and 
intracellular fluid were derived. The change 
it intracellular potassium was partitioned as 
that portion transterred as the result of tissue 
catabolism (or anabolism) and that moving in 
ov out of viable cells, using a K:N ratio of 2.4 
mig. per gm. This partition requires a correc- 
tion of the external nitrogen balance by multi 
plying the change in) non-protein or urea 
concentration of blood by an 
issued total water volume, and hence is a 


nitrogen 


rough approximation at best. However, these 
derived data, as charted in Figs. 1 to 3, give 
some picture of the internal transters of 
potassium as affected by the experimental 
conditions. 


Results. The results of the investiga- 
tion are presented in Figs. 1 to 3 and 


in Table 1, 


The course of Patient J. K. is’ pre- 
sented in Fig. 1. It is seen that during 
an initial period of the oliguria the 
serum potassium concentration was 
Slowly rising. The derived data indi- 
cate that this was the result of the 
breakdown of tissue with the release 
of potassium and an increased intake 
of the ion on Day 3. which increments 
were not retained in the cellular phase 
(Day 5). By Day 13 the serum concen- 
tration of potassium had reached 7.6 
inEg. per liter. The ingestion of 50 gm. 
of resin on Days 15 and 15 were asso- 
ciated with a return of the serum po- 
tassium level to normal, Unfortunately. 
the amount of the ion removed could 
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Daily balance of meq 0 
Potassium 
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Daily urine volume ec 15 ° ° ° 12 3 7 
Total fluid G.I. 2 | 
intake Output BB 
liters 
Dey of anurie 5 6 7 8 9 10 " 12 13 


Fic. 2.—Patient I. C. Post-transfusion Anuria. 
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not be measured, as no. stools were 
passed in this period or were collected 
later. After the succeeding 5 days withi- 
out further administration the serum 
level became elevated and the patient 
died the next day. 

In Patient 1. C. (Fig. 2) the serum 
potassium concentration rose steadily 
and reached an elevation of 7.7 mq. 
per liter on the 9th day of anuria. This 
rise appeared to be the result of a 
steady release of cellular potassium 
during catabolism and a failure of via- 
ble cells to take up the ion. When resin 
was administered by enema. an unex- 
pectedly large amount of potassium 
was removed, mainly from the extra- 
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cellular and the serum con- 
centration fell to normal — levels. 
Unfortunately the patient died of an 
unrelated Complication betore kidney 
function was restored. 

In Patient R. F. (Fig. 3) the serum 
concentration of potassium rose from 
low normal to slightly elevated levels 
apparently as the result of catabolism 
of tissue and tailure of intact cells to 
take up potassium. On the 10th day 
of anuria resin enemata were begun. 
Despite an increased intake of potas 
sium, these enemata resulted in a nega- 
tive balance of the ion, mainly at the 
expense of the intracellular phase: the 
extracellular accumulation may have 
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heen retarded as well. The last resin 
enema coincided with the return of 
urine formation and the serum concen- 
tration fell as potassium was excreted 
by the kidney. The patient made an 
uneventful recovery. 

In Table 1 is presented the evidence 
that significant amounts of potassium 
removed by the resin enemata 
compared to normal stools not contain- 
The potassium removed 
ranged from 21 to 73 mEq. per liter per 
dav, and always exceeded the amount 
of sodium obtained. Variability in the 
amount of cation removed must have 
heen influenced to a large extent by 


were 


ing resin. 


IN ANURIA 
this vicinity, therefore, removed at least 
one factor threatening the survival of 
the patient. 

Hyperkaliemia is not an uncommon 
occurrence in severe renal insufficiency 
associated with oliguria or anuria®. 
Low serum levels of potassium are 
sometimes observed in this. situation 
but appear to be less frequenit®, Where 
an elevated concentration threatens the 
patient, a number of measures, short of 
artificial dialysis, have been tried with 
indifferent success. These include the 
administration of a high carbohydrate 
intake plus insulin to promote the up- 
take of potassium by cells'*, the 


AND CHLORIDE CONTENT OF STOOLS 


AND OF RETURNED RESIN ENEVATA* 


rABLE ! DAILY POTASSIUM, SODIUM, 

Day after 

start of 

Patient Type of specimen anuria 
RI Normal stool 
Normal stool 
Resin enema 
Resin enema | 
Resin enema 12 
1. Resin enema 
Resin enema 10 


as 1, 
minutes to approximately 12 hours 


variability in the length of time each 
enema was retained. 

Discussion. In the 3 cases here re- 
ported the enteral administration of a 
cation exchange resin apparently miti- 


vated the accumulation of potassium 
in extracellular fluid and the rise in 
serum concentration. Although — the 


changes in the electrocardiogram con- 
sisted moderate elevation of 
the T waves and some lengthening of 
the O-T interval. in 2 of the cases the 
serum levels approached 
those which have been suspected of 
‘using severe disturbances in cardiac 
function. namelv 7.4 to 8.1 mEa. per 
iter®22. The induction of a fall in 
erum potassium concentration from 


only of 


potassium 


suspension in water in volumes of 250 ce 


Vu 
wk q m Fy m ky qu 
| 1 0 
0 
11 
3] 9 6 
2} 
ny 10 
73 31 9 


twice daily. Retention varied from a few 


use of calcium to antagonize the effect 
of potassium on the heart*!°?°. Arti- 
ficial dialvsis. of course, offers a sure 
method to remove potassium and lower 
the concentration in extracellular fluid. 
This has been demonstrated by use of 
the Kolff dialvser’*7!=*, and the other 
methods of small intestinal lavage’ 
and peritoneal lavage® should be 
equally efficacious. Indeed. at the time 
of writing. hvperkaliemia is one of the 
few absolute indications for the use of 
artificial dialvsis by those technically 
prepared. However. relatively few 
physicians have such facilities avail- 
able, and most patients with acute 
anuria due to a reversible renal lesion 
can be brought through by careful con- 
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servative medical treatment. Such a 
regimen includes restriction of water 
intake to meet only the needs of extra- 
renal water loss, the preservation of 
the total electrolyte concentration of 
body fluids (as indicated by the sodium 
concentration) and the combatting of 
acidosis by the use of sodium bicar 
honate or lactate, and a high caloric 
intake to minimize protein catabolism 
and release of potassium. The oral 
administration of aluminum hydroxide 
to mitigate the rise of the serum phos- 
phorus level. the injection of calcium 
to prevent the onset of tetany during 
alkali therapy. and support of the cir- 
culation are important therapeutic ad 
iuncts. Under such circumstances, the 
demonstrated efficacy of cation ex- 
change resin in controlling the compli- 
cation of hyperkaliemia should greatly 
facilitate the ordinary medical treat- 
ment of anuria 


The resin has not been tound to be 
toxic to animals and man!*, but one 


adverse effect possibly occurred in 
Patient R. F. The removal ot sodium 
by the resin may have produced a low- 
ering of the serum sodium concentra- 


tion with resultant augmentation of the 


acidosis. This effect was readily cor 
rected by the administration of sodium 
bicarbonate, therefore does not 
constitute a serious objection to the 
use of resin in this condition. 

Summary and Conclusions. Cation 
exchange resin, given by mouth or by 
rectum. has been demonstrated — to 
lower elevated serum potassium con- 
centration in 3 patients with renal in- 
sufficiency oliguria) or anuria. 
When the resin is not tolerated in the 
upper gastrointestinal tract, it may be 
given as an enema and _ significant 
amounts of potassium ion removed by 
this route. 


Additional experience since this report was submitted has emphasized the quantitative vari 
tbility of potassium removed by enemas. and the desirability. whenever possible, of giving 


the resin by mouth for more reliable results 
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COLLOIDAL IRON: A WELL TOLERATED, EFFECTIVE 
ORAL HEMATINIC 


By |. Creskorr, M.D. 
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PHILADELPHIA, 


PENNSYLVANIA 


From the Hematological Section of the Medical Clinic, Hospital of the University 
of Pennsylvania) 


Treatment of the —hypochromic 
microcytic anemias (the commonest of 
all the anemias ) calls for iron in a form 
readily utilizable for hemoglobin pro- 
duction and in doses that are adequate. 
The necessity for adequate dosage is 
now well established, but in’ practice 
certain difficulties arise. It is generally 
agreed that anemia of the hypochromic, 
microcytic type is due to iron defici- 
ency, and that in treatment the first 
objective is to eliminate the etiological 
fault, then administer iron. Such op- 
timum iron therapy raises two prob- 
lems: which iron preparation, and how 
much? 

Many forms of iron and iron. salts 
are in use. Blaud gained fame with his 
pills of ferrous carbonate; he was one 
of the first to stress the importance of 
large doses of iron. Bunge later caused 
iron therapy to fall in disrepute be- 
cause of his erroneous calculation of 
sulphate, iron 

ferrous chlo- 


Ferrous 

and ammonium citrates 
ride, ferrous gluconate, and reduced 
iron have all had wide use. All have 
certain Ferrous — salts 
and other commonly emploved forms 
of iron produce gastrointestinal irrita- 
tion of varving severity in a number 
of patients. The reported incidence of 


iron dosage. 


disadvantages. 


such symptoms runs as high as 
3318718. Nausea, vomiting, —heart- 


burn, diarrhea, and constipation are 
common complaints. The distress is 


usually proportional to the size of the 
dose. If maximal improvement is to be 
obtained, adequate dosage is essential. 
However, if one persists in ordering 
such doses of a poorly tolerated iron 
preparation the patient often abandons 
treatment. If the dose of such prepara- 
tion is reduced to the “tolerance level’, 
improvement is slow and uncertain. 
The answer to this common therapeutic 
dilemma would seem to be a form of 
iron which is effective, vet one which 
little or no gastrointestinal 
irritation. 

Over the past 10 vears, clinical trials 
with various iron preparations have 
been conducted in the Hematology 
Section of the Medical Clinic of the 
Hospital of the Universitv of Pennsvl- 
vania. Certain patients with known in- 
tolerance for various iron preparations 


causes 


have served as screening subjects. One 
product has emerged as a potent vet 
well tolerated form of iron. This is a 
preparation of colloidal iron combined 
with or dispersed in a colloid made by 
the digestive action of papain on 
casein. This compound contains 207 of 
iron.® 

The product is stable and generally 
non-irritating, and is suitable for ad- 
ministration in uncoated compressed 
tablets or in capsules which disinte- 
grate rapidly so that absorption may 
occur in the stomach. This is of great 
importance because Hahn et allt, 


* This preparation, Ferrocol®, was supplied by the Mulford Colloid Laboratories, Phila- 


delphia. 
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using radioactive iron. have shown 
that IS absorped 
the stomach and upper intestinal tract, 

The drug was prescribed in doses of 
0.3 gm. of the colloidal iron com 
pound; the usual total daily dos Wats 
gin. capsules pel day providing 
240 meg. of actual iron hollowing 
elevation of hemoglobin to satisfactory 
levels a maintenance dose was usually 
prescribed. The patient was instructed 
to take the colloidal iron compound 


in the regular or slightly reduced dos 


PABLI OF COLLOIDAL 


t 


t 


\ 


age for 1 week each month. This main- 
tenance program is of great benefit to 
women during the menstrual vears of 
life because of the frequently excessive 
loss of iron with the menstrual flow. to 
patients whose diets are presumably 
substandard in iron intake. and during 
pregnancy with its increased iron re- 
quirements. 

To test the efficacy of this drug it 
was given to a group of 25 patients 
with chronic hypochromic microcvtic 
anemia. All blood counts and hemo- 
globin determinations were made by 
the same technician. Certified pipettes 


CRESKOFF: ( 
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were used for the red cell counts; he- 
moglobin determinations were made 
phovoclectrically. The patients in this 
group were unselected; they were rep- 
resentative of those normally seen. in 
clinical practice. The average initial 
hemoglobin level of the group was 
10.14 vin. per 100 ce ot blood (65% ); 
it ranged from 8.0 gm. (51.5%). to 
12.65 gm. (S19 (Table 1). There 
ensued a hemoglobin increase of such 
degree that the average gain over a 
period of 9 weeks was 2.56 gin. per 
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100 ce. of blood (16%). It is recognized 
that, other factors being equal, the 
rate of hemoglobin regeneration will 
depend upon the degree of anemia at 
the start of treatment. The anemia in 
this group of persons was not severe 
and a gain of 2.5 gni, during such a 
period is considered satisfactory2. 
Complete absence of symptoms of 
gastrointestinal intolerance to this 
preparation of colloidal iron emerged 
as an impressive fact in this group of 
patients. second group was then 
selected especially to evaluate this 
aspect of the drug. This group of 23 
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consisted mainly of paticnts from: the 


intolerance 
Prenatal Clinic; 


occasional symptoms of 
might found, It is nevertheless 
significant that, in a group selected 


because of 


women often be 
show heightened irritability and other 


abnormalities of gastric function. 


such 


intolerance 
to one or more of the other iron prep- 
arations, symptoms did not 
y patient after ingest-on 
of the colloidal iron compound, While 
the psychological factor may be im- 


demonstrated 
thermore, all of the patients chosen for 
testing had been unable to take ferrous 
sulfate without 
experiencing discomiort of one type or 


similar 


or ferrous gluconate occur in any 


another: indeed several had refused to 


continue iron medication for this portant in certain individuals exhibit- 
reason, ing apparent intolerance to iron 
FABLE 2 POLERANCE STUDY 
dD D intoler 
( Pre f colloidal 
\ j dD 
Antes Ferrous sulfat Vomitin 2 None 
Nausea and const é 
pation 
Chr hypochr ‘ Ferrous gluconate Diarrhea ") 
) Ant Ferrous sulfate Nausea ( 
Vomiting 
Vomiting IS 
Vomiting 
Severe nausea and 9 
vomiting 
Persistent nausea ; 
Abdominal cramps 1s ‘ 
7 Nausea 1s 
Nausea i ‘ 
Ww) Constipation and. 1.2 
hausca 
i} Nausea and vomiting 1.2 20 
Nausea and vomiting 
mn, pyel Nausea and vomiting ou 
ritis; right Abdominal cramps 1.8 210 
Chr norrhagia Ferrous gluconate Gastrointestinal 70 
cist re 
is Nutritional and prost Nausea ‘ 
tila 
The findings in this “intolerant’ medication, every effort was made to 


group were convincing (‘Table 2). All 
were able to tolerate this colloidal iron 
preparation in therapeutic doses with- 
mit any of gastrointestinal 
irritation. It was repeatedly observed 


evidence 


convey no pre-treatment suggestion to 


this group of patients. 
Summary. |. A clinical evaluation 


of colloidal iron compound was 


performed. 


that patients wary of anti-anemic ther- 
ipy of from other 
hematinics, reported no symptoms ot 
rritation after taking full doses of the 
olloidal iron compound. Not a single 
instance of inability to tolerate the 
preparation was encountered, nor was 
ven mild discomfort reported. It is 
ecognized that the number of cases 
s small and that in a larger group 


2. This compound has proved to be 
a satisfactory source of iron for hemo- 
globin regeneration in iron deficiency 
anemia. 

3. Of great practical importance is 
the fact that full therapeutic doses did 
not produce distressing gastrointestinal 
svmptoms during pregnancy, and in 
patients who had been intolerant of 
other forms of iron. 


because distress 
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INCONCLUSIVE RESULTS OF PARATHORMONE TREATMENT 
FOR ESSENTIAL THROMBOPENIC PURPURA 


By JOuUN D. M.D. 
CLEVELAND, OHIO 


(From the Cleveland Clinic and the 


Tur possible value otf parathyroid 
hormone in the treatment of essential 
thrombopenic purpura was suggested 
in the reports of Lowenburg and Gins- 
burg**, They noted an apparent clini- 
cal and hematologic response in 2 
patients following the induction of an 
acute hypercalcemia with parathor- 
mone. The first patient treated simi- 
ni at the Cleveland Clinic seemed 
to show a prompt and permanent re- 
covery following an induced hyper- 
calcemia with parathyroid — extract 
after splenectomy had been of no 
demonstrable value’. This experience 
led to a clinical trial of parathyroid 
hormone in like conditions. 

This report presents an analysis of 
27 ~cases of essential thrombopenic 
purpura (Werlhof’s disease) treated 
with parathyroid hormone to determine 
the therape utic value of the agent. The 
cases selected had adequate clinical 
data and follow-up reports. Patients 
with purpura resulting from allergy, 
hepatic or renal insufficiency, 

r primary blood dyscrasias have been 
excluded. 


Procedure. Prior to the administration of 
parathyroid hormone, the following studies 
were performed: complete hemogram, plate- 
let count, bleeding time, coagulation time, 
marrow study by sternal aspiration. Control 
serum calcium and phosphorus were deter- 
mined. The patients were given subcutaneous 
or intramuscular injections of parathormone, 
100 to 200 units, every 4 to 6 hours for sev- 
cral days. The blood calcium and phosphorus 
levels were determined daily together with 
the platelet count. In children, smaller doses 
such as 100 to 200 units daily were usually 
sufficient to produce a significant hypercal- 
cemia within 48 hours. Several patients 


Frank E. 


Bunts Educational Institute) 


received more than one course of parathor- 
mone therapy. 

Results. Improvement was measured 
by prompt clinical response, appreci- 
able rise of the platelet count, and a 
decrease of the bleeding time within 
48 hours following the course of para- 
thormone injections. Of the 27 patients, 
10 were classified as having obtained 
a good result according to these 
criteria. Follow-up studies indicate that 
none of these 10 patients has shown 
evidence of clinical recurrence of pur- 
pura. Fifteen patients in this group 
failed to show any definite improve- 
ment during or immediately after para- 
thormone administration. Equivocal re- 
sults were noted in 2 patients. In one 
of the patients who showed an equiv- 
ocal response, there was a prompt 
clinical recovery with each of 2 courses 
of parathyroid hormone but a subse- 
quent relapse with purpuric phenom- 
ena occurred. The second patient, in 
whom splenectomy had been per- 
formed 5 years previously, obtained a 
prompt remission for 8 weeks but failed 
to respond to a second course of para- 
thormone and subsequently died of a 
cerebral hemorrhage (Table 1). 


TABLE 1. RESULTS OF TREATMENT 
WITH PARATHORMONE IN 27 PATIENTS 


Age group Good Poor Equirocal — Total 
3-14 inclusive 3 9 
15-37 2 8 
37-68 4 7 

Total 2 7 


There is an insufficient number of 
patients in various age groups (Table 
(557) 


> 


BATTLE? ESSENTIAL 
1) to make the results statistically sig- 
nificant. There seems little doubt, how- 
ever, that the failures are conspicuous 
in the 15 to 37 age group in which only 
2 of 11 patients showed any definite 
improvement. There are 4 patients in 
this series who failed to obtain a 
permanent recovery following splenec- 
tomy. Three of these also failed to 
respond to parathormone treatment 
following splenectomy (Table 2). Of 
TABLE 2.—PARATHORMONE TREAT 
MENT WITH SPLEEN PRESENT 


Good Poor ocal Total 


Spleen present i) 12 2 23 
Spleen absent 3 
Potal 10 Lo 27 


the 7 patients in this age group (Table 
3) who failed to respond to parathyroid, 
recovered completely atter subse- 
quent splenectomy. The results ob- 
tained in the younger age group (3 to 
11 years inclusive) and in the older age 
group (37 to 68 inclusive) appear to be 
somewhat better. 

TABLE 3.—~RESULTS OF SPLENECTOMY 

IN 11 OF THE 27 PATIENTS 


Lye grou] (,00d Poor Total 
3-14 inclusive 2 2 
15-37 2 7 
37-68 l 2 
Total Ss 


Discussion. The clinical course of 
essential thrombopenic purpura is vari- 
able, so that the evaluation of any 
single form of therapy is difficult. In 
infants and children, this disease is 
often preceded by infection, and spon- 
taneous recovery generally occurs 
within a few weeks in the maioritv. 
The diagnosis of essential thrombope- 
nic purpura at older ages is sometimes 
questionable and often established 
only by exclusion of possible secondary 


PHROMBOPENIC PURPURA 


causes tor purpura, Because only 2 of 


the 11 patients in the 15 to 37 age group 
obtained an immediate and apparently 
satisfactory response to parathormone, 
this form of therapy appears to be of 
questionable benefit. Rosenthal’ has 
noted a similar ineffectiveness in results 
obtained by parathyroid hormone. 

There seems to be no rationale tor 
the use of parathyroid extract in the 
treatment of essential thrombopenic 
purpura. Patients with this condition 
show no evidence of disturbance of 
calcium metabolism. The total serum 
calcium, ionized calcium, and serum 
phosphorus remain within normal 
limits. No evidence exists of appreci- 
able alteration of the serum proteins to 
which part of the calcium is bound. 
The role of diffusible or ionized cal- 
cium in capillary permeability appears 
significant. Zweifach’s® direct observa- 
tions of the capillaries of the frog 
mesentery indicate that by increasing 
the ionized calcium of the perfusate an 
increase of the intercellular cement re 
sults, thereby rendering the capillaries 
less permeable. He concluded from 
these experiments that the perme abilits 
of a capillary membrane can be ex 
plained without taking into account 
the cellular components of the vessels. 
Theoretically, the increased ionized 
serum  caleium following narathor- 
mone treatment mav render the canil- 
laries less permeable and so decrease 
the purpuric manifestations. 

Summary and Conclusions. The re 
sults obtained in 27 patients with essen- 
tial thrombonenic purnura treated with 
parathvroid extract indicate thet such 
therapv is of dubious value. Svlenec- 
tomv appears to be followed by better 
results in this disease than does para- 
thormone treatment 
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ACUTE BARBITURATE POISONING 
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Tur fact that aliphatic narcotics and 
central stimulants as exemplified 
picrotoxin are mutually antagonistic i 
animals was discovered 75 vears ago na 
|. Crichton Browne®. His observations 
were confirmed by a number of inves- 
tigators, both as to the life-saving and 
iwakening effects of central stimulants 
n chloral hydrate and paraldehyde 
nesthesia. 
Maloney, Fitch, and Tatum**, and 
Maloney and Tatum™ were apparently 
first to test the antidotal efficacy 
{ picrotoxin in experimental barbi- 
irate poisoning. The fact that  bar- 
iturates are the most widely emploved 
vpnotics and basal anesthetics makes 
ieir findings particularly imvortant. 
hey found that picrotoxin shortens 
ie recovery from barbiturate anes- 


thesia and that it protects animals re- 
ceiving doses higher than the LDso of 
the various barbiturates. Koppanyi and 
his associates**“* explored the limits of 
the antidotal efficacy of picrotoxin, me- 
trazol, and other analentics in poisoning 
with barbituric acid derivatives, deter- 
mined the component factors of the 
antidotal mechanism and provided 
rational explanation of both the awak- 
ening and life-saving effects of these 
antidotes in experimental barbiturate 
intoxication. They also introduced pic- 
rotoxin and metrazol as effective agents 
for the treatment of human barbiturate 
poisoning. Few, if any, critical or ad- 
verse reports were published, and 
subsequently picrotoxin was introduced 
into the U.S.P. 

In experimental barbiturate poison- 

(59) 


| 
t 
| 


ing the usefulness of picrotoxin and 
metrazol is without question; for in 
these experiments the fatal doses of 
the various barbiturates can be accur- 
ately determined and the efficacy of 
the antidote can be accurately esti- 
mated by the determination of the 
number of fatal doses of barbiturates 
that can be antagonized by suitable 
doses of picrotoxin and metrazol. Un- 
fortunately in the human population 
such exact data are not possible. We are 
dependent upon rough estimates gath- 
ered mainly from data reporting the 
fate of untreated cases of barbiturate 
poisoning when the doses ingested 
were known. These data are, of course. 
subject to many errors. The dose-body- 
weight rel itionship is practically never 
taken into consideration, the amount 
of barbiturate removed from the ali- 
mentary tract by gastric lavage or bv 
catharsis is seldom determined, and the 
data obtained are often vitiated by the 
fact that the victim may also have 
taken liquor or various other drugs that 
may have enhanced or antagonized the 
effect of barbiturates. Furthermore, the 
calculation of the fatal human dose is 
almost entirely based on history, such 
as the presence of an empty bottle 
containing sodium amytal capsules in 
the room of the suicidal candidate. We 
do not know if the patient has taken 
all the capsules at once or over a 
period of hours, allowing at least some 
time for the elimination of the par- 
ticular barbiturate. These possible 
sources of error may perhaps explain 
why there is such a great discrepancy 
between the oral fatal doses reported 
for different barbiturates in man and 
in several species of animals and whv 
so many drugs are reported to be “ef- 
fective” in the treatment of barbiturate 
poisoning. Eckenhoff et al.!* in a renort 
on analeptics concluded that: “Before 
the true part played by these drugs 
(analeptics) in the treatment of de- 
pression can be fully evaluated. more 
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complete and detailed summaries must 
be made and compiled. - 

The purpose of this study is to com- 
pile such summaries and analyze the 
cases of barbiturate poisoning pub- 
lished recent 
19,25,29,32,36,37,40,43-49, 52 and to ascertain 
whether or not the treatment with the 
various analeptics actually had_ life- 
saving value or if recovery would have 
occurred even without specific treat- 
ment. The difficulties that may be en- 
countered have already been indicated. 
and it is by no means easy to arrive 
at clear-cut conclusions such as those 
to which we are accustomed in experi- 
mental research. 

Methods. Only one liberty was taken 
in treating the data to be presented, 
namely, the estimation of body weight 
of the patient when not reported. 
Arbitrarily, in the absence of specific 
data, we have assigned a weight of 
70 kg. to an adult male and 60 kg. 
to an adult female. The concentration 
of the barbiturates ingested is ex- 
pressed both in terms of total dose 
(gm.) and also as mg. per kg. of body 
weight. We have analvzed separately 
cases of poisoning with: a) barbital, 
b) phenobarbital; c) amvtal; d) 
pentobarbital; e) seconal; and f) mix- 
tures of barbiturates. Pulmonary com- 
plications, non-specific medication, 
the employment of chemotherapeutic 
agents, the age and sex of the patients 
and the results of the treatment were 


duly noted and tabulated. The effi-. 


ciency of the analeptic agents (picro- 
toxin, metrazol, amphetamine, and 
succinate) was judged on the basis of 
the estimated oral fatal doses reported 
for man and the established oral LD., 
for various experimental animals. 
BarBirat. In Table 1, 14 cases of barbital 
intoxication are reviewed. The 8 patients wh« 
recovered ingested from 180 to 300 mg. per 
kg. The 6 patients who succumbed (wher 
the dose could be approximated) ingested 
from 83 to 464 mg. per kg. In 3 of th 
patients, caffeine with sodium henzoate was 
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the analeptic of choice; 2 received disodium 
succinate; and the remaining 9, picrotoxin. 
lwo of the 3 patients who received caffeine 
died. Patient 7 who ingested 114 mg. per kg 
t barbital and succumbed 20 minutes after 
certainly cannot be considered a 
therapeutic failure, as he was moribund when 
first seen. Patient 1 survived despite a dose 
f 300 mg. per kg. and hyperpyrexia He 
received O55 gm. of with 
hours and camphor oil on 
Patient 12 also received 
affeine and developed hyperpyrexia but suc 
umbed 36 hours after admission. Patients 13 
ind 14, who ingested 118 and 156 ing. per kg 
barbital, 


ind ree overed 


idimission 


caffeine 
benzoate 


Various Occasions, 


were given disodium succinate 
Five of the 9 patients who 
received picrotoxin recovered. All of the 4 
patients who succumbed had pulmonary com 
plications, and in each case the patient had 
been in coma for some time before analeptic 
therapy was instituted. It should be pointed 
mit that Patient 2 who ingested the largest 
dose of barbital (464 mg. per kg.) and 
received the largest dose of picrotoxin recoy 
ered from his barbiturate coma but died sub- 
sequently of pneumonia and hepatitis. 


561 


Comment. The average oral dose of 
barbital for humans according to Ham- 
hourger*' is 85 mg. per kg., while the 
LL.D.) for animals is about 300 mg. per 
kg. In view of the fact that all patients 
received some form = of therapy, it is 
difficult to estimate the average oral 
fatal dose of the drug from our data. 
Patient 7 who received caffeine for 
only 20 minutes prior to death ingested 
only 114 mg. per kg.. while Patient 1, 
who ingested 300 mg. per kg. and re- 
ceived caffeine 4-hourly intervals. 
survived. Five of the patients who 
ingested concentrations of barbital sig- 
nificantly above 114 mg. per kg. sur- 
vived with treatment. 

The concentration of picrotoxin used 
in these cases was well above the con- 
vulsive dose of this drug, indicating 
that the depression resulting from the 
barbiturate was quite marked. The 


rABLE 1.) REVIEW OF 
Dos: 
\ Neu lye qm My ky Treatment 
| M Ik 0 800-00 Caffeine —-0.5 gm 
q +h. 
Camphor in oil 
2 57 $2.5 Picrotoxin§ 2134 mg 
$ I tS 16.3 271.67 Picrotoxin — 1079 mg 
+ Aleohol Metrazol —1 Gm. fol- 
lowing picrotoxin 
16.4 73.38 Picrotoxin mg 
> M 37 12.0 171.43 Picrotoxin— ” 
6 M 21 142.86 Picrotoxin — 
7 voung so 114 00 Caffeine sodium ben- 
zoate and coramine 
8 +t 5.0 83.35 Picrotoxin— 400 mg. 
(24 hrs. later) 
9 6.5 108 33 Picrotoxin— 90 mg. 
10 Unknown Picrotoxin— 60 mg. 
24 Unknown Picrotoxin 879 mg 
2 22 Unknown Caffeine, coramine, 
atropine 
; M 118 00 Disodium succinate 
30 gm. 
Picrotoxin—48 mg. 
58 10.0 156 00 Disodium succinate 
30 gm. 


CASES BARBITAL INTONTOATION 


Result 


Recovered. (Temperature 107° F 


Recovered from barbital. 

Died subsequently of pneumonia 
and hepatitis. 

Recovered. 


Recovered 

Recovered. 

Recovered. 
after adm.) 

Died 20 min. after ‘adm. (Pulm. 
stasis, failing resp.) 

Died. Pulm. edema on adm. Re- 
turn of corneal reflex only re- 
sponse to therapy. 

Recovered. 

Died 4 hrs. after adm. Pulm. ede- 
ma and cyanosis. 

Died 12 days later in deep coma. 
First seen 24 hrs. after adm. 
out of coma 2 days— mult. pulm. 
abscesses developed. 

Died 36 hrs. after adm. Before 
death, temp. 105° and resp. 50 

Recovered. 


(Picrotoxin brs. 


Recovered. 
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cases complicated by pulmonary stasis 
and infection can hardly be used to 
help establish the average oral fatal 
dose of this drug. If we accept the 
fact that Patient 1 survived a dose ot 
300 mg. per kg. (probably an excep- 
tional case) and that the caffeine is not 
an effective analeptic and that the 
hyperpyrexia did not exert any life- 
saving effect, then in onlv | of the 14 
cases herein reported can it be assumed 
that picrotoxin exerted beneficial 
effect. It might also be inferred that 
the LDso of 300 mg. per kg. for ani- 
mals more nearly approximates the 
true fatal dose for humans. That such 
a conclusion would be erroneous. is 
borne out by the following facts. In the 
first place, it is generally agreed that 
the human population is more sensitive 
to the influence of the various  bar- 
biturates than are animals, and, in 
addition, it is hardly likelv that the 


rABLE 2. -REVIEW OF CASES WITH 
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fatal dose of barbital is higher than 
that for phenobarbital. It is well known 
from clinical and experimental experi- 
ence that such is not the case and that 
much larger concentrations of barbital 
are required to produce a_ sedative 
action. We feel that the figure of 150 
ing. per kg. more nearly represents the 
I.Ds9 of barbital for humans (see Dis 
cussion ). If such be the case, then one 
may conclude from these data that in 
t of the patients who recovered, picro- 
toxin exerted a life-saving effect. 
PHENOBARBITAL. Fourteen Cases of poison 
ing with phenobarbital are reviewed in Tab! 
2. Of these 14, 8 survived, and the estimated 
ingested dose varied from 25 to 162 mg. per 
kg. The 6 patients who succumbed ingested 
from 67 to 176 mg. per kg. The | patient 
who did not receive analeptic therapy recov 
ered from a dose of 40 mg per kg. OF the 
6 patients who succumbed, 5 received fairly 
large amounts of picrotoxin. The convulsive 
dose of picrotoxin for animals upon intra 


PHENOBARBITAL IN TONTOATION 


Dose 
Vo. Sel qm. Ma.k ] Treatment Result 
1 F $5 tS 80.00 Picrotoxin— 122 mg Recovered 
2 +4 0 6667 Picrotoxin—- 405 mg Died. On 6th day devel. pneume- 
nia, never regained conscious 
ness 
$ M 65 74 29 Picrotoxin 2154 m Died. Deep 24 hrs. Had 
pneumonia on adm. Died 8th 
day 
+1 2.4 None Recovered 
5 21 8.8 176.00 Picrotoxin 9 mg Died. Adm. & hrs. after ingestion, 
shallow resp.. no more picrotoxin 
died 22 hrs. after adm 
6 121.67 Picrotoxin — 150 my Died 16 hrs. after adm. Comatose, 
Metrazol 1.2 mg cyanotic rales. Temp. 105° and 
Atropine and cone coma deepened. Pneumonia 
glucose 
7 I 2.4 4000 Picrotoxin — 126 mg Recovered 
Ss AY 25 7.0 100.00 Picrotoxin —559 my Recovered 
9 I 68 5.0 83.35 Picrotoxin —167 mg Died. First seen 36 hrs. later. Re 
covered enough to eat. Pneumeo 
nia and lung abscess 
10 23 3.0 50.00 Picrotoxin 720 mg Recovered 
1] 24 6.5 108.38 Picrotoxin my Recovered 
Metrazol gm 
12 7.0 116 67 Picrotoxin 1017 mg Died. Pneumonia, carcinoma with 
pulm. and vertebral metastases 
13 30 9.7 161.67 Picrotoxin— 14,196 Recovered 
mg. 
14 F 4] 1.5 25.00 Amphetamine sulf. Recovered from semicomatose 
100 mg. I.V. 6 hrs state 


1 7 mg./k¢g 
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enous injection has been estimated to be 
lightly higher than 0.5 mg. per kg. If this 
ilue applies to humans, then all but one of 
these patients received picrotoxin in con- 
entrations well above the convulsive and 
probably tatal dose. It should be pointed out, 
iowever, that those patients who succumbed 
md developed pulmonary — complications 
night have recovered had they received ade 
juate concentrations of picrotoxin sooner. 


Comment. According to the figures 
{ Hambourger, the average oral fatal 
dose of phenobarbit al for humans is 
ipproximate ly 140 mg. per kg. Studies 
on animals have revealed the oral LD;, 
to be from 150 to 175 mg. per kg. 
lhere appears to be unusually good 
iwreement between these figures. The 
fact that Patient 2 ingested less than 
‘0 mg. of phenobarbital per kg. and 
developed pneumonia on the 6th day 
without ever regaining consciousness 
certainly seems to indicate that Ham- 


bourgers figure of 140 mg. per kg. 
too high and must be so since he as- 
sumes that 85 mg. per kg. of barbital 
is fatal. It is well known that pheno- 
barbital is not only acutely twice as 
toxic as barbital but is also a longer- 
acting depressant (see Discussion). It 
is more in keeping with our present 
state of knowledge to assume that 75 
mg. per kg. more ne arly represents the 
true oral fatal dose for man. If this is 
o, then Patients 1, 8, 11, and 13 would 
have certainly expired without effective 
picrotoxin therapv. 

Amphetamine was used in Case 14 
following the ingestion of 25 mg. per 
kg. of phenobarbital, a dose which is 
routinely given for therapeutic pur- 
poses. 

Mortality figures are extremely high 
both in this group and those ingesting 


PABLE 8.) REVIEW OF CASES WITH AMYTAL IN'PONTCATION 
Dos: 
\ Nea tye ym My. kya Treatment Result 
| 7.8 156 00 Picrotoxin insignifi- Recovered 
cant amrt. 
2 2h 7.4 148 00 Picrotoxin 129 mg Recovered. 
2.5 67 Picrotoxin 180 my Recovered, 
Picrotoxin 24 my 
233 166 67 Picrotoxin 148 mg Recovered. 
Metrazol = 1.8 gm. 
24 133 338 Picrotoxin 30 mg Recovered. 
20 1.2 24°00 Coramine— ? Recovered. 
AY 26 2.6 37.14 Picrotoxin « Recovered. 
20 9+ 00 Picrotoxin 156 mg Recovered. 
0 20 94.00 Picrotoxin — 162 mg. Recovered 
| M 20 3.9 78.00 Picrotoxin insignifi- Recovered 
cant amr t. 
M 6S 57.14 Picrotoxin 24 mg Recovered. 
M 36 6.6 94 29 Metrazol 3.6 g. Recovered. 
M 57 00 Amphetamine sulfate Recovered from deep coma 
150 ym. LV. in 
Ss hrs. 
M Amphetamine sulfate Died. Dev. pneumonia and died 
20 mg. LV. q } on 2nd day 
hr. After 360 mg., 
pt. given caffeine. 
sod. benzoate, and 
ephedrine (Total 
5.1 mg./kg.) 
0.4 6.60 Disedium succinate— Recovered. 
3 gm. 
4.0 66.00 Metrazol—5.0 gm. Recovered. 
Disodium succinate 
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barbital. The fatalities following the 
ingestion of these long-acting barbitu- 
rates were associated with a high inci- 
dence of pulmonary complications. Of 
the 28 patients who ingested either 
barbital or phenobarbital, 12 (43%) 
succumbed. In 10 (35%) of these cases, 
pulmonary complications were noted. 

Pneumonia has long been recognized 
as a frequent complication of pro- 
longed narcosis. Many of these patients 
developed pneumonia despite the pro- 
phylactic use of antibiotics. It may be 
worthwhile to point out that the ma- 
jority of the patients who succumbed 
and developed pulmonary complica- 
tions had been in comatose states for 
considerable periods of time. It is quite 
possible that the increased oxygen 
demand associated with fever and the 
added anoxia resulting from the de- 
creased pulmonary reserve iv have 
acted synergistically with the central 
depressant effect of the barbiturate and 
thus help explain the high increase of 
mortality when barbital depression and 
pneumonia co-exist, 


AMyTAL. Seventeen cases of poisoning with 
amytal are presented in Table 3. The dose 
ingested varied from 3.33 to 167 mg. per kg. 
There was only one death reported—Patient 
15 who ingested 57 mg. per kg. and received 
fairly large doses of amphetamine but  suc- 
cumbed on the 2nd day after having con- 
tracted pneumonia. All patients received some 
form of analeptic therapy. In 9 of the cases, 
picrotoxin was the agent of choice. In only 
5 of these cases, however, was the concen- 
tration of picrotoxin used given in effective 
amounts. Patient 5 received picrotoxin and 
metrazol, and Patient 4, caffeine and picro- 
toxin. Two pi atients were given disodium suc- 
cinate, and 2 received amphetamine. Patient 

received an unknown concentration of 
coramine. 


Comment. Hambourger’s figure for 
the average human oral fatal dose of 
amytal is 23 mg. per kg. The oral LD5, 
for animals is about 110 mg. per kg. 
A review of these cases would seem 
to indicate that the value cited by 
Hambourger is far too low, if for no 


other reason than that such amounts 
have been used in humans to produce 
anesthesia (see Discussion). For exam- 
ple, Patient 11 ingested 78 mg. per kg. 
and recovered even though he received 
insignificant amounts of picrotoxin., On 
the other hand, if we accept the animal 
oral LD5) as applying to humans 
which is unlikely, then Patients 2, 5 
and 6 certainly recovered because of 
picrotoxin or metrazol therapy, and the 
same holds to a lesser extent for Pa- 
tients 9, 10, and 13. One cannot con- 
clude from the present data that eithe: 
amphetamine or disodium succinate 
exerted a life-saving effect. 

Amytal appears to be much bette: 
tolerated than does either barbital « 
phenobarbital. Since the urinary excre 
tion of this compound is insignificant 
its relatively rapid detoxification by the 
tissues offers a better prognosis. In 
view of its shorter duration of action 
pulmonary complications are less fre- 
quently encountered. 

It should be emphasized that the 
larger the dose of amytal and othe1 
immediate and_ short-acting barbitur 
ates, the longer their duration of 
action. In other words, an exception 
ally massive dose of amytal will pro 
duce as lasting a central depression 
as a moderately toxic dose of barbital! 
or phenobarbital. Therefore, while 
specific analeptic therapy may not be 
indicated as frequently in interme diate 
or short-acting barbiturate poisoning as 
following barbital or phenobarbita 
intoxication, it is to be kept in mind 
that the consumption of the forme: 
drugs in very large qui antities ma‘ 
produce a lasting depression requirin: 
specific therapy. 


PENTOBARBITAL SopruM ( NEMBUTAL 
Nineteen cases of poisoning with nembut: 
are listed in Table 4. The estimated ingeste: 
dose varied from 13 to 150 mg. per kg. A! 
the patients presented recovered, and all bu 
one received analeptic therapy. The latte: 
Patient 7, ingested 11.67 mg. per kg. anc 
in addition, imbibed unknown concentration 
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ft alcohol, He was given chloral hydrate to 
llay his excitement. Six of the patients were 
sulfate. The 


iven amphetamine dose of 


nembutal ingested by the latter group varied 
from 13 to 2 


t img. per kg. Patients 18 and 19, 


who received disodium succinate, Consumed 


such relatively small amounts of nembutal 
15 to 17 mg. per’kg.) that one cannot, as 
with those receiving amphetamine sulfate, 
onclude that these substances exerted any 
life-saving effects. Picrotoxin was the analep- 
tic of choice tor 9 patients, and 1 patient 
received metrazol. These patients ingested 
fron 17 to 150 mg. per i. of nembutal. 
Nine of the 10 patients ingested a concen- 


Comment. The average oral human 
fatal dose of nembutal, according to 
Hambourger, is 14 mg. per kg., while 
for the large mammals it is stated to 
be 85 mg. per kg. The figure of 14 mg. 
per kg. is obviously too low for hu- 
mans, and, since nembutal is acutely 
more toxic than amytal, it seems logical 
to conclude that all the patients who 
received picrotoxin, with the exception 
of Case 3, had consumed concentra- 
tions of this barbiturate greater than 


tration greater than 45 mg. per kg. 


even our 


estimated 


fatal dose for 


TABLE 4. REVIEW OF CASES WITH PENTOBARBITAL SODIUM 


(NEMBUTAL) INTOXICATION 


Doss 
Vo Sea qm Mg. Kg Treatment 
| 28 60 120000 Picrotoxin 48 mg 
Alcohol 
M Late 50's) 7.3 104 29 Picrotoxin- 90 mg. 
; M 53 1.2 17.14 Picrotoxin— 33 mg. 
M $2 68 97.14 Picrotoxin — 1944 mg. 
$5 1838.35 Picrotoxin- 308 mg. 
Sod. Phen. for convul- 
sions 
r 3S 0.7 1 67 Chloral hydrate by 
+ Aleohol rectum to allay ex- 
citement 
M 44.20 Picrotoxin— ? 
20 83.33 Metrazol-—8.1 g 
10 27 90 150.00 Picrotoxin-— insignifi- 
cant amount 
$.25 70.838 Picrotoxin— insignifi- 
cant amount 
2 233 1.5 24.00 Amphetamine sulfate 
$ doses of 10 mg 
1.V.in 5 hrs. (‘Total 
0.7 mg. kg.) 
0.975 16 00 Amphetamine sulfate 
+ doses of 20 mg. 
in 1} hrs. (To 
tal -1.3 mg. kg.) 
23 1 46 24 00 Amphetamine sulfate 
320 mg. in 7} hrs. 
LV. (5.3 mg. kg.) 
) 0.78 13.00 Amphetamine sulfate 
40 mg. LV.--1 
dose (0.66 mg. kg.) 
6 0.78 13.00 Amphetamine sulfate 
+ Aleohol 20 mg. LV.—1 
dose (0.33 mg. kg.) 
30 0.960 16.00 Amphetamine sulfate 
+ Alcohol 200 mg. I.V.—18 
hrs. (3.3 mg./kg.) 
66 0.9 15.00 Disodium succinate 
4.5 gm. 
38 10 16.6 Disodium suecinate 


6 0 gm. 


Result 


Recovered. 


Recovered. 
Recovered. 
Recovered 

Recovered. 


ered 
Reco, ered 


Recovered 
Reco, ered. 
Recovered. 


Recovered. 

Recovered. Seen hrs. later 
comatose. areflexic, cyanotic. 
\fter 40 mg. she talked and re- 
flexes returned. 


Recovered. After 80 mg. patient 
responded. 


Recovered despite coma and are- 
flexic 


Recovered. In } hr. awoke from 
coma. 


Recovered hr. 


Recovered 


Recovered. 
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TABLE 5.-- REVIEW OF CASES WITH SECONAL INTOXICATION 


Dose 

No. Sea tye gm Mg. Kg Treatment Result 

1.2 20.00 Picrotoxin— 324 mg Recovered 

2 24 86.00 Metrazol 2.5 vim. Recovered 

} I 0 2.0 33.35 None Died 15 hrs. after adm. Comatose 

24 hrs. prior to adm. T. 108 
P. 160. R. 40 

NM $9 0.75 10 71 Picrotoxin 24 my Recovered 

$2 5.8 96 67 Picrotoxin —926 meg Recovered 

6 M 45 1.5 21 Picrotoxin Recovered 

7 I £3 1.0 16.60 Amphetamine sulf. Recovered after 90 mg. Recovered 
20 mg. LV. q. 3 hr from coma, reflexes returned 
1} mg. kg 

8 1.4 23.00 Amphetamine sulf Recovered 
210 meg. r, (3.5 
mg. kg 

6 65 00 Picrotoxin my Recovered 

10 233 1.3 21.30 Disodium succinate Recovered 
gm 

\l 63 1.8 25 70 Disodium succinate Re ered 
27 gm 


PABLE 6.—-REVIEW OF CASES WITH INTOXICATION FROM MIXTURES 
OF BARBITURATES 


Dose 
\ Sex Age M qm Vy Ay Treatment Result 
1 M Mid. Barbital 65 95.00 Picrotoxin 219 my Recovered 
Age Phene barb 3.3 $1 00 
2 Amyvtal 50 83.00 Pierotexin —-669 mg Died 79 5 brs. after adm. 7 cereb 
Nembutal 1 29 2000 Repeated convul- ral edema and anoxia — irrevers 
sions after picro- ible 
toxin, coramine 
caffeine. and suc- 
rose 
3 Amytal 5.2 86.00 Picrotoxin-— 60 mg Recovered 
Phencbarb 0.4 6.50 
F 17. Barbital 6.24 1389.00 Pierotoxin — 150 mg Recovered 
Phencbarb 56 84.00 


Phencbarb 18 19 60 
35 Barbital r 178.00 Picrotoxin 300 mg Died. Picrotoxin repeated severa 


 Barbital 1.72 78.60) Picrotoxin— 60 mg Recovered 
11 
Phenobarb. 23.0 1500 times. Striking return to con 


sciousness after 2 hrs. Uneen 
scious, picro. again, conscious 
pneumonia. death. 


7 F 35 Barbital 16.8 253.00 Picrotoxin—30 mg. Died. Regained consciousness but 
Phencbarb $3.3 63.00 died shertly thereafter. Rt.- 
sided failure p. m. Conscious 30 
min 
8 F 32 Amytal 20.00 Picrotoxin 131 mg Recovered 
Phencbarb 19 20.00 
4 M 30. Barbital 6.5 95.00 Pierotoxin 228 mg Recovered 
Nembutal 07 10.00 
10 22. Phenobarb 2 Picrotoxin-—373 mg Recovered 
Seconal 2.0 0.00 
11 F 39 Seconal 1.8 25.00 Amphet. sulf.—400 Recovered from comatose state 
Phenc barb. 1.3 22. 00 mg. I.V. for 8 hrs 


-Bromides 0.65 
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humans (about 55 mg. per kg.). I 
such is the case, then Patients 1, 2, 4, 9 
and 10 may well have recovered as a 
result of analeptic therapy. 

It is interesting to note that all the 
patients recovered—again — indicating 
that the short-acting barbiturates are 
definitely less dangerous tor humans 
than the longer-acting ones, notwith- 
standing the contrary opinion — ex- 
pressed by Watts®® who. states that: 
‘Quick acting barbiturates (nembutal 
anal seconal) are most lethal; slowly 
acting barbiturates ( phenobarbital ) 

less lethal.” The intermediate and 
short-acting barbiturates have an im- 
mediate eflect following absorption; 
whereas, with the longer-acting bar- 
biturates there is a latent period even 
after intravenous injection of the drug. 
Hlence, it follows that in view of the 
delayed action of the long-acting bar- 
biturates, it is physically possible to 
ingest larger amounts of these com- 
pounds. It should also be pointed out 
that none of these patients developed 
pulmonary complications. 

SECONAL. Eleven cases of seconal poison- 
ng are reviewed in Table 5. The dose 
ngested varied from 11 to 97 mg. per kg 
Patient 3, who succumbed, ingested 33 mg 
per kg., received no analeptic therapy and 


presented hyperpyrexia as a complication of 
her barbiturate intoxication. 


Comment. The average oral fatal 
lose of seconal for man has been esti- 
nated to be between 14 and 20 mg. 

kg.; while for cats and dogs the 
wal LD is reported to be about 50 
mg. per kg. Since all the patients, 
xcept the one previously mentioned, 
ugested a dose greater than 20 mg. 
er kg. and some form of 
inaleptic therapy, it is difficult to arrive 
it any definite opinions regarding the 
werage oral fatal dose. Since the 4 
vatients who received amphetamine 
ud disodium succinate ingested only 
rom 17 to 26 mg. per kg. of seconal, 
me cannot make any claims regarding 
heir efficacy. Picrotoxin was admin- 


istered in effective concentrations in 
4 cases, and metrazol in 1. Patients 
5 and 9 ingested 97 and 65 mg. per 
kg. of seconal and received 926 and 585 
mg. of picrotoxin respectively. In only 
these 2 cases is there indubitable proot 
of the effectiveness of the picrotoxin 
therapy. 

Mixtures or Barsrruratres. Table 6 
views 11 cases of poisoning with mixtures of 
barbiturates. Eight recovered and 3. died. 
Special attention is called to Case 6—a woman 
who ingested 178 mg. per kg. of barbital and 
15 mg. per kg. of phenobarbital. In this patient 
picrotoxin caused a striking return to con- 
sciousness on several occasions, but finally 
the patient succumbed to pneumonia. This 
indicates that the analeptics may clinically 
antagonize barbiturate depression ‘but do not 
chemically replace these depressants or in- 
crease their rate of destruction or elimination. 
In every case picrotoxin was given in what 
appears to be effective amounts. Case 2 may 
be an example of a harmful effect of the 
analeptic, although it must be admitted that 
the patient for some reason developed cere- 
bral edema. Anoxia may well have been in- 
duced by secondary de ‘pression caused by 
an over-stimulation of the central nervous sys- 
tem by analeptic therapy. 


Comment. There are 3 types of intoxi- 
cating barbiturate mixtures: 1) long- 
acting, 2) short-acting, and 3) long and 
short-acting. Cases 1, 4, 5, 6, and 7 rep- 
resent mixtures of 21 long-acting barbi- 
turates; Case 2 a mixture of intermediate 
and short-acting barbiturates; and Cases 
3. 8, 9. 10, and 11 a combination of | 
long-acting and short-acting bar- 
biturate. Certainly from what has been 
previously stated, one might well ex- 
pect that the most toxic combination 
would be the one containing 2 long- 
acting barbiturates. As a matter of fact, 
of the 5 who ingested such mixtures, 
2 succumbed. It is interesting to note 
that in both cases picrotoxin caused 
a striking return of consciousness. 
Patient 2 ingested a mixture of amytal 
and nembutal but died apparently of 
cerebral edema. It should also be 
stated that the relative dosage is 
important. It is assumed, of course, that 
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the barbiturates are additive synergists, 
and at the present time not enough is 
known regarding the nature of this 
synergism to conclude whether or not 
any or all of these cases would have 
recovered without specific analeptic 
therapy. None of the patients reviewed, 
with the possible exception of Cases 
1, 2, 3, 4, 6, and 7, ingested significant 
amounts of any of the barbiturates. It 
appears that in Cases 1, 3, and 4 
picrotoxin exerted life-saving effects. 

Discussion. In this paper an attempt 
has been made to analyze reported 
cases of acute barbiturate intoxication. 
Papers on this subject published dur- 
ing the past 15 vears trom which no 
instructive or practical information 
could be extracted were deliberately 
omitted. While no claims are made that 
all cases have been recorded, we feel 
that the group described is representa- 
tive and provides sufficient data to 
formulate definite concepts regarding 
this problem. 

A general review of the data dis- 
closes that 68% of the patients reported 
were women and that the median age 
of this group was 33 years; 32% were 
males, and their median age was 38 
vears. 

Twenty-four of the $8 cases devel- 
oped pneumonia. Of these, 11 patients 
had pneumonia despite chemotherapy, 
and 13 had pneumonia and no chemo- 
therapy. Two patients had chemo- 
therapy and no pneumonia. Sixty-two 
patients had no chemotherapy and no 
pneumonia. We do not wish to imply 
that random chemotherapy is contra- 
indicated in acute barbiturate poison- 
ing, but merely maintain that the liter- 
ature does not support the theory that 
it is an absolute prophyl ictic measure. 
While penicillin is generally recom- 
mended in doses from 25,000 to 50.000 
units every 3 hours, one should not be 
complacent and hesitate to use other 
chemotherapeutic agents if signs of 
pneumonia become manifest. For ex- 
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ample, in one of the cases to be dis- 
cussed, pneumonia developed despite 
the administration of penicillin but 
responded subsequently to aureomycin 
therapy. The best preventive treatment 
tor pneumonia is adequate specific 
analeptic therapy, as the early awaken- 
ing ot the patient prevents the pulmo- 
nary complications. The data show that 
the more prolonged the coma (central 
nervous depression) the more fre- 
quently are pulmonary complications 
encountered. 

An analvsis of the data discloses that 

less than 50% of the cases that. re- 
ceived analeptic therapy, it was not 
indicated. The mere fact that an 
individual is completely anesthetized 
with barbiturates does not necessarily 
indicate that he is a candidate for 
specific analeptic therapy. We do not 
entirely agree that the classification of 
barbiturate coma according to. states 
and grades presents a true indication 
of the depth of barbiturate depression 
since even the Grade IV stage (corneal 
anesthesia and absent reflexes ) has 
been clinically re produced by Lundy* 
with sodium amytal and is being re pro- 
duced in anesthetic practice with 
thiopental sodium with or without 
premedication. How can then 
determine the need for analeptic ther- 
apy? In our opinion, the best indica- 
tion is the response of the patient to 
a single intravenous injection of 5 cc 
of 10% metrazol. Some patients, al- 
though to all appearances typical rep- 
resentatives of the Grade IV stage 
awaken immediately following such a 
dose. On the other extreme there are 
patients whose only response to this 
dose is a barely noticeable respiratory 
stimulation. The orientation dos« 
should never be given unless there is 
presumptive evidence that the patient 
is poisoned with barbiturate or som« 
other aliphatic narcotic. If one is un- 
certain and definite proof cannot be 
established, then the orientation dos« 
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of metrazol should be given slowly and 
discontinued upon the appearance of 
twitches about the body. The orienta- 
tion dose employed for awakening of 
lightly barbiturized patients is about 
the ave rage minimum convulsant dose 
for humans. It should be realized that 
in patients poisoned with aliphatic 
narcotics in general, and barbiturates 
in particular, there exists a wide mar- 
gin of satety; that is, a relatively small 
dose of barbiturate will phy siologically 
antagonize a large dose of a central 
stimulant, such as metrazol. Patients 
anesthetized with barbiturates have 
sufficient concentration of these drugs 
in their central nervous system to pre- 
vent serious convulsions this 
orientation dose. 

Although, generally speaking, the 
blood level is a good indication of the 
concentration of barbiturates in the 
central nervous system, certain excep- 
tions were observed by Koppanyi and 
Dille*". In some cases the concentra- 
tion of barbiturate in the central 
nervous system may be much higher 
than the blood level would indicate. 
This statement should not be construed 
to disregard the value of the blood 
level as a criterion for the depth of 
barbiturate narcosis but rather to ques- 
tion a dogmatic statement recently 
that barbiturate coma cannot 
exist in the absence of detectable bar- 
biturate in the plasma—the interpreta- 
tion being in this case that the cause 
of the coma is no longer the physical 
presence of barbiturate in the central 
nervous system, but reversible or irre- 
versible damage of the central nervous 
structures. If this were so, analeptic 
therapy would, of course, be contra- 
indicated. As a matter of fact, the evi- 
dence in the literature of barbiturate 
coma co-existing with complete elim- 
ination of the barbiturate is based only 
mn blood level determinations and does 
iot exclude the presence of barbiturate 
i the central nervous system. There 


made!? 


is little, it any, evidence tor irreversible 
central nervous system damage in- 
flicted by barbiturates except in cases 
of certain brominated barbiturate 
derivatives*?. 

It may be disastrous to neglect a 
patient who has taken large quantities 
of barbiturates on the supposition that 
by means of one or the other chemical 
tests one is unable to detect the pres- 
ence of barbiturates in the plasma. It 
is instructive to review a case that did 
not respond to an orientation dose of 
metrazol. 


Case Report. The patient, a 52-year-old 
white male, was found in a comatose state 
following the ingestion of a dose of pheno- 
barbital estimated to be approximately 10 gm. 
(143 mg. per kg.). Immediately on admis- 
sion the patient was given 6 cc. of metrazol 
intravenously with no awakening effect. This 
was followed by 13 cc. of 0.3% solution of 
picrotoxin at the rate of 1 mg. a minute until 
the knee jerks returned. Since the vital signs 
were good, picrotoxin was discontinued, and 
the patient was given only symptomatic 
therapy, which consisted of pe nicillin, oxvgen. 
and forced fluids. On the 3rd day of admis- 
sion, the patient was still comatose, his tem- 
perature had risen to 104° F., and Roentgen- 
ray examination disclosed bilateral basilar 
pne ‘sumonitis. The patient was bronchoscoped, 
aspirated, and placed in an oxygen tent. It 
was decided to reinstitute anale eptic therapy. 
and he was given 5 cc. of 0.3% solution of 
“ rotoxin every 15 minutes over a period of 

hours. The patient responded with pur- 
voluntary movements. Twelve hours 
later he would not respond to stimuli. Then 
he was given 5 cc. of picrotoxin (0.3% solu- 
tion) each hour over a period of 3 hours. The 
patient gradually became more alert, and 
because of the persistent elevated temper- 
ature he was given aureomycin. He made a 
complete recovery on the 9th day after 
admission. 


This case illustrates (as do several 
others recently observed but not. in- 
cluded in the tables) the importance 
of constant analeptic therapy when 
indicated and the dire effects of plac- 
ing too much faith in good sympto- 
matic therapy alone. We feel quite 
certain that had this patient been given 
picrotoxin at regular intervals from 
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ihe time ot his admission, the duration 
of his coma would have been reduced 
considerably and the complication of 
pneumonitis avoided. Of course, there 
are some who advocate that good 
symptomatic therapy is preferable to 
anaieptic treatment whether or not 
barbiturates are preset in the plasma. 
Even disregarding the impressive ex- 
perimental data, the analyses of the 
cases published in this report reveal 
that a physician in charge of a patient 
with severe barbiturate poisoning who 
fails to avail himself of metrazol and 
picrotoxin and depends on merely non 
specific general supportive — therapy 
takes a great deal of responsibility on 
himself. 

Those cases which respond to the 
orientation dose with temporary or 
permanent complete awakening re- 
quire only good symptomatic care. 
Those who re spond only with purpose- 
ful movements and a return of reflexes 
will require additional metrazol until 
their awakening is complete. In cases 
with no response to the orientation 
dose except for some medullary stim- 
ulation, intensive anale ptic therapy is 
indicated (picrotoxin). If the precau- 
tion in giving an orientation dose had 
been observed in every case of bar- 
biturate poisoning here reported, our 
task of evaluating the efficacy of the 
various analeptics would have been 
easier. We are quite certain that in 
many of the cases complete awakening 
would have resulted from an orienta- 
tion dose and that the patients would 
have recovered without any further 
analeptic therapy. In our opinion, the 
experimental evidence that animals can 
be protected from multiple fatal doses 
of long and short-acting barbiturates 
by the intravenous administration of 
picrotoxin or metrazol is alone suffi- 
cient to refute the claims that the 
administration of these analeptics does 
not have a life-saving effect and that 
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good symptomatic therapy alone 
suffices. 

Analeptics, particularly in cases of 
not too severe barbiturate poisoning, 
have an awakening or denarcotizing 
effect with or without latent periods. 
The term “awakening” is preferred to 
“denarcotization”, as there is no evi- 
dence for either a chemical antagonism 
between analeptics and barbiturates or 
even that the analeptics accelerate the 
essential elimination of the barbitu- 
rates. Analeptics are not only awaken- 
ing but also life-saving agents in 
barbiturate poisoning. It is important 
to emphasize that a patient may be 
treated with analeptics for days with- 
out dramatic awakening. In this latter 
event the analeptic maintains ade- 
quate circulation, respiration, metabo- 
lism, and body temperature during the 
period of acute de ‘pression of the cen- 
tral nervous system by barbiturates. 

In assessing the value of analeptics 


as life-saving agents in the patient with 


barbiturate poisoning, the question of 
what constitutes an oral fatal dose of 
the offending barbiturate in humans 
necessarily arises. Only if we have an 
approximate knowledge of the oral 
LD;s9 for man can we come to any 
definite conclusions regarding the 
efficacy of the various analeptics. 

The reported cases of untreated 
barbiturate poisoning are few and far 
between so that reliable data regard- 
ing this question are difficult to obtain. 
Hambourger made an attempt to estab 
lish the oral for various bar- 
biturates in man. From cases 
reviewed and the additional data now 
available, it becomes apparent that his 
figures must be revised. Fairly accurate 
data are available regarding the oral 
LDso of the various barbiturates in the 
larger laboratory animals. While there 
is no reason to believe that the LDso 
for animals and man are identical, 
relationship between animal and _ hu- 
man fatal doses may be established by 
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comparing the relative efficacy or tox- 
icity of various barbiturates used in 
animals and in humans as_ surgical 
anesthetic agents. 

It isa matter of record that the larger 
doses of some barbiturates occasion- 
ally, and others very frequently, have 
been used in ther: apy or for anesthesia. 
Phenobarbital in doses of from 25 to 30 
mg. per kg. orally has been employed 
as a basal anesthetic before nitrous 
oxide or ethylene administration, par- 
ticularly before thyroidectomies. Also, 
sodium phenobarbital has been given 
intravenously in similar doses in status 
epilepticus. These amounts have never 
produced any serious — toxic effects 
but only sedation or semi-anesthesia. 
Lundy** produced anesthesia in hu- 
mans with intravenously administered 
sodium amvytal in doses from 25 to 40 
mg. per kg. of body weight, and in 
3 cases he even gave 50 mg. per kg. 
followed by recovery. He distinctly 
states, however, that the latter dose 
mav be considered a pre-mortem dose. 
In the dog the average anesthetic dose 
varies from 40 to 60 mg. per kg.: 
whereas, the LD.» is about 70 mg. per 
kg. Lundy's results agree with the fig- 
ures published by N. F. Paxson’. and 
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Thiopental is freque ntly use 
to produce surgical anesthesia both i 
experimental animals and the 
patient. Fortunately data are available 
not only as to the amounts necessary 
to produce surgical anesthesia in ani- 
mals and in humans, but also as to the 
plasma levels necessary for first and 
second plane anesthesia. Peterson. 
Gould and Shideman*?, administering 
this barbiturate intravenously the 
rate of 70 meg. per kg. per hour, found 
that about 2.32 mg. ver 100 cc. is nec- 
essorv. for the production of corneal 
imesthesia, while Jailer and Gold- 
baum?* have demonstrated that in 
hymen natients without premedication. 
thiopental sodium when infused at the 


rate of approximately 35 mg. per kg. 
per hour produces satisfactory _first- 
plane surgical anesthesia at about the 
same blood level, while the second- 
plane anesthesia appeared at blood 
levels between 2 and 3 mg. per 100 ce. 
It may, therefore, be concluded that 
Hambourgers data as to the fatal 
doses of different barbiturates for the 
human are, as a rule, too law, and if 
we reason by analogy, the toxic and 
fatal doses of barbiturates for humans 
(unless some unforeseen complications 
develop) are not less than one-half 
the corresponding dose for large lab- 
oratory mammals. This, however, is 
only import int insofar as the statistical 
evaluation of the physiological anti- 
dotes in the treatment of acute bar- 
hiturate poisoning is concerned. It has 
no bearing whatsoever on the problem 
of when and where specific analeptic 
therapy in barbiturate poisoning is in- 
dicated. In comatose patients we are 
obviously not concerned with the LDso 
of anv given barbiturate but rather 
with the possible LD, of the offending 
barbiturate. The LD, of a barbiturate 
can be, of course, as low or even lower 
than Hambourger’s figures indicate, 
and if a patient is anesthetized and 
does not respond to orientation 
dose, then regardless of the amount 
of barbiturate ingested energetic treat- 
ment is indicated. 

If the patient does not respond to 
an orientation dose of metrazol, the 
depth of the central nervous system 
depression is such that one may also 
observe absent corneal reflex, hypo- 
thermia (unless fever exists from vari- 
ous causes), circulatory or respiratory 
depression, and demonstrated high 
hlood or urinary levels of barbiturates. 
\s much as we would like to indicate 
the minimum oral dose per kg. requir- 
ing treatment, we do not feel that it 
would be practical to do so because 
of the unreliability of the history. 
\naleptic therapy may be contraindi- 
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cated in cases where the above condi- 
tions do not prevail, for the simple 
reason that the concentrations of the 
barbiturates may be insufficient to pro- 
tect the central nervous system from 
a large dose of these convulsants. In 
fact, we may refer to one case in this 
report (Table 4, Case 7) which not 
only did not require an analeptic but 
had to be tr: anquilized with chloral 
hydrate. 

Central stimulants are indicated i 
only one type of central nervous sys- 
tem de ‘pression; namely, the one pre- 
cipitated by aliphatic de *pressants be- 
cause the latter afford a_ protection 
against the convulsant effects of 
analeptics or render convulsions harm- 
less if they occur. The explanation of 
the latter appears to be, as Gold and 
Travell have shown**, that the cause 
of death in convulsions is the exhaus- 
tion and fatigue of the re spiratory cen- 
ter, and if the threshold of the center 
is raised by aliphatic narcotics, the 
experimental animals may convulse for 
long periods of time. However, such 
convulsions do not terminate fatally 
in contrast to convulsions produced by 
similar doses of central stimulants in 
unprotected animals who die within a 
short time following the first signs of 
convulsive spasm. Central depression 
caused by hypoglycemia, various types 
of anoxia, and by opiates, should not 
be treated with anale “ptics because in 
these tvpes of depressions the central 
nervous system is not protected from 
the harmful effects of the analeptics. 
In case of morphine poisoning a sub- 
convulsant dose of a central analeptic 
mav actually pre cipitate convulsions”?. 

There have been reports in the lit- 
erature concerning the use of intra- 
venous sodium succinate in the treat- 
ment of barbiturate poisoning. In fairly 
concentrated solutions, coughing and 
flushing in the blush areas immediately 
follows its injection. Shortly thereafter, 
definite and dramatic analeptic re- 


sponses are reported to occur. The 
cases of barbiturate poisoning treated 
with this drug cannot be taken as con- 
clusive of the efficacy of such the rapy. 
Most of the cases reported ingested 
such relatively small amounts of bar- 
biturates that analeptic therapy was 
not indicated, and it is regrettable that 
the 2 cases of barbital poisoning that 
may have ingested significant amounts 
of the drug are presented so that no 
definite conclusions can be drawn re 
garding the specific action of the 
alleged antidote (Table 1, Cases 13 and 
14). In one case the patient was a 
known psychopath who received picro- 
toxin prior to disodium succinate. The 
other patient, according to the report 
upon her recovery, stated that she had 
taken 0.3 gm. of nembutal and 1 oz. 
of elixir of phenobarbital. However, 2 
hours later she recalled having taken 
150 phenobarbital tablets with the 
other hypnotics. Aside from the fact 
that even if one accepts the estimated 
figures of the barbiturate intake of 
these cases, most of them are not with- 
in the fatal range so that the only 
action that can be claimed for this 
antidote would be an awakening rather 
than a life-saving action. The well- 
controlled experimental studies — in 
animals! did not show either awaken- 
ing or life-saving effects after the 
administration of succinate. The con- 
clusions of Corson and co-workers 
have been recently confirmed bv 
Zuckerbrod et al®? in human material. 
nyse in some animal experiments and 

1 human cases succinate was given 

1 highly concentrated solutions, it is 
pec possible that the cough and even 
the analeptic effects were due to its 
irritant action on the responsive struc- 
tures (Cattell’). 

Amphetamine and dextrotatory am- 
phetamine are respiratory and _ vaso- 
motor stimulants, and there are 
publications indicating that these sub- 
stances in large concentrations exert 
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a beneficial effect in barbiturate pois- 
oning. A review of the cases herein 
reported will not permit us to come 
to any definite conclusion regarding 
their efficacy. In experimental animals 
(unpublishe ‘d data, Koppanyi) amphe- 
tamine has neither an awakening nor 
a lifesaving effect in severe barbiturate 
poisoning. Unfortunately, one cannot 
conclude from the human data pre- 
sented that amphetamine exerted a 
life-saving effect. Only one of the 
patients receiving amphetamine suc- 
cumbed. This patient ingested 57 mg. 
per kg. of amytal (Table 3), developed 
pneumonia, and died on the 2nd day. 
It may be interesting to point out in 
comparison that Patient 1, who in- 
gested 156 mg. per kg. of the same 
barbiturate, recovered even though he 
received only insignificant amounts of 
picrotoxin, 
It may be argued that picrotoxin 
and amphetamine should be used si- 
inultaneously in the treatment of acute 
barbiturate intoxication since amphe- 
tamine is primarily a cortical stimulant 
and picrotoxin and metrazol are sub- 
cortical and spinal excitants. Such a 
combination will have an awakening 
and, in addition, a general central 
stimulating effect. However, anyone 
who has seen a patient depressed by 
barbiturates awaken immediately fol- 
lowing the injection of metrazol, or 
within 15 minutes after the injection 
{ picrotoxin, would not doubt that 
these analeptics are also cortical stim- 
ulants in barbiturate poisoning. In 
other words, they antagonize the action 
f barbiturates wherever these depres- 
ints act and not by selective stimu- 
ation of specific nerve centers. 
Caffeine and coramine were resorted 
) in several of our cases. With these 


rugs there is neither clinical nor 
‘perimental evidence which could 
istify their use in the treatment of 


‘vere barbiturate poisoning. 
and in 


Both in. vitro vivo studies 


have demonstrated that the barbitu- 
rates decrease the cerebral metabolic 
rate. This depression is presumably 
due to an inhibition of certain enzyme 
systems concerned with the oxidation 
of carbohydrate by the central nervous 
system. The administration of picro- 
toxin®’ will overcome the depressing 
effects of the barbiturate on the cen- 
tral nervous system. A restoration of 
the cerebral metabolic rate is obviously 
desirable in barbiturate poisoning. We 
do not feel that with a normal oxygen 
saturation of the arterial blood and a 
normal cerebral blood flow the in- 
creased demands for oxygen resulting 
from the picrotoxin injection will pro- 


duce any deleterious effects on the 
organism. Kety** has demonstrated, 
however, that a decrease in the 


cerebral metabolic rate may follow a 
convulsive seizure. It should be obvi- 
ous, therefore, that in the treatment of 
barbiturate poisoning excessive central 
nervous system stimulation (convul- 
sions) is definitely contraindicated 
since the ensuing depression added to 
that resulting from the barbiturate 
poisoning may be more than the organ- 
ism can tolerate. 

It is a common experience to hear 
fear expressed on the part of the med- 
ical profession to use potentially con- 
vulsant drugs in the treatment of bar- 
biturate poisoning. This fear is some- 
what paradoxical, as metrazol and elec- 
tric shock are freely being used to 
produce convulsions in unprotected 
individuals. The protective action of 
barbiturate against convulsive agents 
has already been pointed out. To con- 
sider other possible objections to the 
use of metrazol and picrotoxin in the 
treatment of acute barbiturate intox- 
ication, one might also consider the 
fact that picrotoxin and metrazol may, 
in addition to their stimulating action, 
produce depression'*. This depression 
is characterized by a loss of placement 


reactions and appears to be independ- 
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ent of convulsions or it appears before 
convulsive attacks and lasts some time 
afterwards. Mousel and Essex**’  re- 
ported that rabbits anesthetized with 
25 mg. per kg. body weight of pento- 
thal sodium recover in 75 to 82 min- 
utes when given 15 mg. per kg. of 
metrazol or 0.2 mg. per kg. of picro- 
toxin, as compared to the average re- 
covery time of the controls—66 min- 
utes. It is to be noted that these doses 
are negligible in comparison to the 
doses used by Koppanyi, Linegar and 
Dille** in experimental animals (metra- 
zol, 50 mg. per kg. or higher; picro- 
toxin, 4 mg. per kg. or higher). It is 
very likely that the increase of the du- 
ration of the barbiturate anesthesia 
observed by Mousel and Essex was due 
to the factor already noted by Dille 
and Hazleton. It certainly has nothing 
to do either with the awakening or the 
life-saving effect of metrazol or picro- 
toxin. 

If the patient reacts favorably to 
the orientation dose (partial awakening 
effect, that is, coordinated voluntary 
movements, return of corneal reflexes. 
increase in muscle tone. favorable 
respiration and circulation response). 
then metrazol should be the agent of 
choice and should be continued (5 ce. 
of 10% solution) everv 10 or 15 minutes 
until complete awakening results. If 
the patient does not react favorably to 
the first or to repeated doses of 
metrazol, picrotoxin therapy should be 
instituted with the usual dose levels. 
An initial dose of 25 mg. is given by 
vein and 15 mg. in a similar manner 
every 15 minutes until there is evi- 
dence of either complete awakening or 
at least a return of reflexes. Then the 
dose of picrotoxin should be reduced 
but medication should not be discon- 
tinued until the patient is able to per- 
form purposeful, voluntary 
ments. 

In the majority of cases the phy- 
sician will find that metrazol is the 


move- 


drug of choice for the ultra-short, 
short-acting, and intermediate-acting 
barbiturates. In cases of poisoning re- 
sulting from massive doses of short- 
intermediate or of long-acting barbitu- 
rates, picrotoxin is the drug of choice. 
Massive doses of intermediate-acting 
or even short-acting barbiturates, as 
previously indicated, act as long-acting 
barbiturates since the high concentra- 
tion precludes rapid essential elimina- 
tion. 

We do not contend that the emplovy- 
ment of central nervous system stim- 
ulants are the final word in the treat- 
ment of barbiturate poisoning. Fur- 
ther research should be undertaken to 
find other antidotal measures. There 
are 2 papers which ray point the way 
for further clinical study: a) massive 
intravenous infusion which resulted in 
life-saving but not awakening effects 
from several fatal doses of barbiturate 
in animal experiments'*, and b) the 
studies of Koppanyi and Linegar*’ 
which showed that cross-circulating 
small dogs severely poisoned by 
barbital with large normal dogs may 
save the life of the barbiturate 
poisoned animal. These studies suggest 
distinct possibilities for exchange trans 
fusions or dialysis with an artificial 
kidney. 

Summary and Conclusions. 1. Anal 
vsis of 88 cases of acute human bar 
biturate poisoning reveals that picro 
toxin exerted a_ definite life-saving 
action. 

2. There is no conclusive evidence ti 
indicate that amphetamine, coramine 
disodium succinate, and caffeine exer! 
a life-saving action in barbiturat 
poisoning. 

3. Many cases of human barbiturat: 
poisoning treated with analeptics d 
not require specific treatment and wil 
recover with adequate symptomat! 
care. 

4. To differentiate between patient 
requiring energetic picrotoxin or met 
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razol_ medication patients not 
requiring analeptic therapy, it is 
advised that an orientation dose (5 cc. 
of 10% of metrazol solution) be admin- 
istered intravenously. If the patient 
responds favorably to metrazol, only 
symptomatic care is indicated. 

5. The objection that —analeptics 
unduly stimulate an already depressed 
central nervous system is not well 
founded since aliphatic hypnotics pro- 
tect against multiple fatal doses of the 
analeptics. The other objection that 


-these stimulants excessively increase 


the oxygen demand of the central 
nervous system and thus cause an 
additive depression is also. untenable. 
6. Central stimulants are contra- 
indicated in comas produced by cen- 


tral nervous system depressions other 
than those caused by barbiturates or 
other aliphatic hypnotics. 

7. The average fatal doses for hu- 
mans currently quoted in the literature 
are far too low. A_ better approxima- 
tion of the average fatal dose may be 
derived by comparing the — semi- 
anesthetic or anesthetic dose of various 
barbiturates in experimental animals 
and humans. It is pointed out, however, 
that the knowledge of the oral LDs5o 
for humans of the various barbiturates 
is important only for the statistical 
evaluation of the antidotes. Once the 
necessity for an effective antidote is 
established, a patient receiving an LD, 
of a given barbiturate may require the 
same type of energetic treatment as 
one ingesting an LDgy. 
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PITUTFPARY TUMORS 


By Russe. HH. 
BALTIMORE 


Duninc the past several years, con- 
siderable progress has been made in 
the development of radiologic methods 
for the diagnosis and treatment. of 
pituitary tumors. Through new ad- 
vances in radiation therapy, it now 
appears possible to arrest the growth 
potential of many of the most  tre- 
quently occurring pituitary adenomas 
tor considerable periods of time. Also, 
new techniques in roentgen diagnosis 
have been reported which permit the 
diagnosis of these lesions at appreci- 
ably earlier times than have heretofore 
been possible. In view of these and 
other developments, it has seemed 
profitable to review the radiologic and 
associated literature pertaining to the 
pituitary gland. 

Pituitary tumors Comprise approxi- 
mately LOY of the neoplasms of the 
brain'®. In general, they are of 2 prin- 
cipal types. the adenomas and_ the 
craniopharyngiomas. The former make 
up approximately 70% of the total and 
arise from mature cellular elements of 
the gland. They are classified as: a) 
chromophobe, b) acidophil, and c) 
basophil. The craniopharyngiomas, 
comprising about 30% of all pituitary 
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tumors, are congenital cysts arising 
from remnants of Rathke’s pouch and 
usually are suprasellar in location. In 
addition, a number of other tumors 
including adenocarcinomas and rarely 
adamantinomas' have also been re- 
corded. 

Among the pituitary tumors, chromo- 
phobe adenomas are the most fre- 
quently occurring. In Cushing s series 
re ported by Henderson*", two-thirds of 
the lesions were of this type and sub- 
sequent Communications from Kerr*", 
Bachman and Harris* and Davidott 
and Feiring’ present similar figures. 
These tumors arise most commonly 
during the fourth and fifth decade of 
lite; however, many cases have been 
reported in much younger and much 
older age groups. 

Acidophil tumors comprise about 
25% of the adenomatous lesions of the 
pituitary gland. Like the chromophobe 
tumors they occur most frequently in 
adult life: their peak incidence, how- 
ever, occurs approximately a decade 
earlier. Both chromophobe and acido- 
phil adenomas demonstrate an almost 
equal sex distribution, 

Basophil adenomas are relatively 
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rare. In Cushing's series** they com- 
prised less than 2% of the total, and 
more recent figures by other authors 
are not significantly different. Unlike 
chromophobe and acidophil lesions, 
basophil adenomas appear to have a 
strong predilection for the female sex. 
\ compilation of the data collected 
from Sosman*-, Kerr?®, Bachman and 
Harris*, and Davidoff and Feiring‘ 
indicate that 5 are seen in females for 
every 1 in males. 

The craniopharyngiomas are lesions 
which occur principally in childhood. 
However. their presence in the adult 
should not be overlooked. Grant!* in 
a series of 30 cases reported that 60% 
were discovered after the age of 24. 

Clinical Manifestations and Roentgen 
Findings. The clinical manifestations. 
including the roentgen findings. of the 
3 adenomatous lesions and of the 
craniopharyngiomas differ markedly 
from one another. The acidophil and 
basophil cells of the pituitary gland 
possess endocrine activity and accord- 
ingly adenomatous tumors of either 
cell type produce marked constitu- 
tional symptoms of hyperpituit: irism at 
a relatively early stage before the 
lesions have acquired great size. The 
chromophobe cells on the other hand 
have no secre tory function, and tumors 
of this cell type produce symptoms 
and clinical findings that result from 
compression of neighboring structures. 
Among these are the normal pituitary 
cells surrounding the tumor. It there- 
tore is not uncommon to find changes 
that reflect a hypopituitarv state in 
chromophobe lesions**. 

a) Chromophobe Adenomas. Chrom- 
ophobe adenomas are _ particularly 
prone to expand the sella turcica and 
protrude beyond its confines’. Early 
in the disease, the growth extends just 
sufficiently above the sella turcica to 
cause compression of the optic 
chiasma; impairment’ of vision there- 
fore soon follows. As the lesion con- 
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tinues to grow, it may expand in sev- 
eral directions. It may break through 
the bony floor of the sella turcica into 
the sphenoid air cells and the naso- 
pharynx. At other times it extends 
laterally through the dura below the 
temporal lobe of the brain. Such an 
extension is likely to cause little pres- 
sure on the chiasma and under these 
circumstances the lesion produces few 
symptoms until it becomes quite large. 
Most often, the tumor continues to 
grow upward through the diaphragma 
sellae where il it remains unchecked 
it becomes so large as to obliterate 
the 3rd ventricle and to displace the 
basal ganglia torward. When an 
adenoma has extended bevond the 
limits of the pituitary gland, it is en- 
closed by a condensation of its own 
substance which serves to delimit it 
from adjacent structures. When the 
lesion lies wholly within the pituitary 
gland, however, it possesses no limiting 
capsule?". 

The expansile characteristics of 
chromophobe adenomas lead ulti- 
mately to ophthalmologic, neurologic, 
roentgenologic and endocrine disturb- 
ances. In all probability the earliest 
changes are roentgenologic, since the 
tumor must extend considerably be- 
vond the confines of the sella turcica 
before ophthalmologic and neurologic 
changes can occur and since endocrine 
disturbances also do not develop until 
the degree of compression is severe. 
However, since roentgen examinations 
are not performed until subjective 
symptoms appear, the early roentgen 
changes usually go unnoticed. 

The typical ophthalmologic finding 
is a bitemporal hemianopsia accompa- 
nied by failing vision®“""*, Often, how- 
ever, the visual disturbance is more 
bizarre and may assume one of a num- 
ber of forms representing an involve- 
ment of one of the optic nerves or of 
one of the optic tracts or a combina- 
tion of these with chiasmal defects 
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in addition. One sometimes finds there- 
fore homonymous defects, often asym- 
metrical in nature and accompanied bv 
central scotomata. Also — unilateral 
blindness with defects in the remain- 
ing field or possibly nasal or temporal 
hemianopsia accompanied by defects 
in the contralateral eve are other varia- 
that have been observed. The 
type of defect depends on whether the 
lesion prechiasmal, chiasmal or 
postchiasmal. 


tions 


manifestations — of 
chromophobe adenomas beyond those 
referable to the optic nerves and tracts 
occur when the has become 
large. Upward extension of the tumor 
may result in encroachment upon the 
third ventricle and subse ‘quent — 
tion of the ventricular system. All « 
the evidence of increased gnarl 
will then follow. Lateral ex- 
tension of the tumor may involve the 
ocular nerves with varving degrees of 
ophthalmoplegia. When the extension 
progresses beneath the temporal lobes 
of the cerebral hemispheres, aphasia 
mav be encountered. 


The neurologic 


lesion 


pressure 


chromo- 
which are those of 
Hurxthal and 
Younghusband?! have pointed out, not 
infrequently precede the ophthalmo- 
manifestations. Pressure the 
hypothalamus in females leads rapidly 
to amenorrhea, ye” pressure atrophy of 
the basophilic elements of the pituitary 
gland produces among other things a 
‘diminution of the sex hormones in the 
urine. Loss of sexual hair including 
body, axillary, pubic, facial and aural 
hair also occurs, particularly when the 
hypopituitarism is marked. The dimin- 
ished activity of the pituitary gland 
leads also to changes in the hemo- 
poietic symptom, the Age gland and 
the adrenal glands. \ normocytic type 
of anemia which fails to respond to 
may occur. The basal 
metabolic rate mav fall, although the 


The endocrine changes of 


phobe adenomas, 


hy popituitarism, as 


logic 


iron therapy 


patient remains alert and does not pre- 
sent the usual facies of a myxedemat- 
ous person. The loss of pituits func- 
tion affects the adrenal glands in a 
number of ways. Hypoglycemic reac- 
tions with coma may occur. These 
changes are accompanied by a low 
blood-sugar curve during the glucose 
tolerance test and by a marked insulin 
sensitivity when the hypopituitarism is 
severe. Diminution of blood pressure 
also occurs when the production of 
desoxycorticosterone falls. 

The principal roentgenologic dis- 
turbance of chromophobe adenomas 
is an enlargement of the sella turcica. 
The enlargement is characteristically 
uniform, thereby causing a ballooned 
appearance. In addition, the walls 
the sella turcica are thinned and the 
posterior clinoid processes are fre- 
quently displaced upward and _pos- 
teriorly. They too are thinned and 
show evidence of pressure decalcifi- 
cation. 

The normal dimensions of the adult 
sella turcica when seen in the lateral 
roentgenogram of the skull are approx- 
imately 10.5 mm. in the anteroposterior 
direction and 8.5 mm. in the depth?***. 
Pancoast et al.’ regard sella 
turcica to be pathologically enlarged 
if these dimensions are greater than 
12 mm. and 10 mm.. respectively. Ina 
series of chromophobe adenomas re- 
ported by Hueblein** the average 
anteroposterior dimension was 23 mm. 
and the average depth was 17 mm. 

Most of the cases in Hueblein’s 
series were seen soon after the develop- 
ment of symptoms. It therefore appears 
that considerable enlargement of the 
sella turcica occurs before the onset 
of symptoms in patients with chromo- 
phobe adenomas. This observation is 
supported by pathological studies con- 
ducted several vears ago by Jefferson?” 
in which it was shown that pituitarv 
adenomas must rise a minimum of 2 
em. above the diaphragma sellae be- 
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tore they encroach on the optic 
chiasma and cause visual disturbance. 
In view of this evidence it seems en- 
tirely possible that many adenomas of 
the pituitary gland may be detected 
by sellar mensuration before clinical 
symptoms appear and at a time when 
the results of therapy are likely to be 
most successful. This possibility has 
recently led Hare'™ and his colleagues 
to make a careful study of the sellar 
dimensions of apparently healthy per- 
sons in order that the range of normal 
sellar size might be more precisely 
delineated and the detection of early 
pathological changes more easily made. 

In Hare's investigation, 700 cases. 
of both childhood and adult age 
groups. were examined stereo- 
scopic roentgenograms of the skull in 
2 projections. In one, conventional 
lateral roentgenograms were made. 
with care being exercised to expose 
one of the stereoscopic films in a so- 
called “exact” lateral position. This 
was done to reduce the distortion of 
the Hoor of the sella turcica as far as 
possible. The Ist film was exposed by 
directing the roentgen beam 2 cm. 
posterior to the outer canthus of the 
eye just above the zygomatic arch; the 
2nd film was taken with a cephalad 
shift of 3.5 inches and with a 5 degree 
caudal tilt of the roentgen tube. The 
other set of stereoscopic films was 
made in a posteroanterior projection 
with the patient in an upright position. 
In the Ist film, the roentgen beam was 
directed through the skull 0.5 inch 
above the level of the external auditory 
meatus. On the 2nd film the tube was 
moved downward 3.5 inches and 
angled 5 degrees cephalad. 

From the various films that were 
made, Hare and his colleagues meas- 
ured the lateral plane area of the 
sella turcica, the distance between the 
anterior clinoid processes, the distance 
between the posterior clinoid processes, 
the width of the dorsum sellae and the 
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width of the Hoor of the sella turcica 
tor each of the patients examined. The 
data in children were apparently not 
reliable for any of these dimensions 
except the lateral plane area and were 
omitted from the report. The average 
values of the lateral plane area of the 
sella turcica in the various age groups 
are shown in Table 1: also included 
are the ranges that were observed. The 
adult data for the remaining dimen- 
sions are shown in Table 2 


TABLE 1.. FRONTAL PLANE AREA OF 
SELLA TURCICA IN RELATION TO AGE 


frerage Rang 
hye sq. mm 
| 28 26 to 3S 
SS to 5S 
10 60 to 75 
19 50 to 100 


and over 


TABLE 2. OTHER DIMENSIONS OF 
SELLA TURCICA 


tre raqe Rang 
Distance between ante 
rior clinoid processes 26 Upper limit — 28 
Distance between poste- 
rior clinoid processes Is 15 to 20 
Width of dorsum sella to 
Width of sellar floor 1 9 to 2 


In the adult, the average value of 
the lateral plane area of the sella 
turcica is i sq. mm. (range 50 to 
100 sq. mm.). Hare arbitrarily placed 
the dividing te between a normal and 
an abnormal sella turcica at a value of 
130 sq. mm. It is difficult to learn from 
Hare's report whether or not this value 
is entirely justified, as detailed sta- 
tistical results were not published. We 
shall have to await future publications 
for clarification of this point. However. 
ot particul: ir interest in Hare's study is 
the recent finding of 28 patients with 
lateral plane areas of the sella turcica 
in excess of 130 sq. mm. and who pre- 
sented no clinical evidence of a 
pituitary adenoma. These cases 
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represent exceptions to the normal 
range of sellar size listed in Table 
However, it is also possible that these 
patients have chromophobe adenomas 
which have been discovered in a pre- 
symptomatic stage. This seems  par- 
ticularly so in view of Costello’s® recent 
study of autopsied material in which 
an extremely high incidence of 
asymptomatic pituitary tumors of one 
cell type or another was reported. Hare 
and his colleagues are following their 
patients with periodic clinical and 
roentgen examinations. It is hoped that 
all may be followed until the status 
of the pituitary gland is completely de- 
termined in them. 

The extent to which a chromophobe 
adenoma has expanded beyond the 
sella turcica can be determined most 
satisfactorily by — ventriculography’. 
Tumors which extend in a ce phalad 
direction encroach upon the cisterna 
interpeduncularis and displace it pos- 
teriorly. In addition, the cisterna 
chiasmatis is displaced rostrally and 
not infrequently is obliterated entirely. 
Large tumors also cause deformation 
of the hypothalmic portion of the 3rd 
ventricle and even cause obstruction of 
the ventricular system at the aqueduct 
of Sylvius. W hen this latter finding 
occurs, the increased intracranial pres- 
sure which follows requires immediate 
surgical intervention. Tumors which 
extend laterally under the temporal 
lobe produce changes in the te mporal 
horn on the ipsolateral side with 
cephalad displacement of the third 
ventricle. Many other changes in the 
ventricular syste m have also been re- 
corded for tumors whose size and 
position do not follow the usual pat- 
tern. These findings are not usually 
difficult to evaluate when they are 
considered in relation to other clinical 
findings. 

Difficulties sometimes arise in dis- 
tinguishing chromophobe adenomas 
from parasellar and metasellar lesions 
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such as meningiomas, aneurysms ot 
the circle of Willis, gliomas of the 
optic chiasma, and tumors which ob- 
struct the aqueduct of Sylvius**. All 
of these lesions often produce some 
enlargement of the sella turcica. The 
suprasellar meningiomas however usu- 
ally produce a hyperostosis of the 
tuberculum sellae and of the lesser 
wing of the sphenoid. Also, enlarge- 
ment of the sella itself is minimal in 
extent and of course there is no evi- 
dence of hypopituitarism in the patient. 
On pneumoencephalography one ob- 
serves displacement of the cephalic 
margin of the cisterna interpeduncularis 
caudally and truncation of the frontal 
horns of the lateral ventricles. 

Aneurysm of the circle of Willis 
characteristically produces sudden 
ophthalmoplegia and pain about the 
eye and forehead but such symptoms 
may be caused by a large chromophobe 
adenoma in which he morrhage has 
occurred. The identification of  so- 
called curvilinear streaks of calcifica- 
tion lateral to the sella turcica will 
strongly support the diagnosis of 
aneurysm, however. This calcification 
usually takes the form of double striae 
on a level with or just above the 
caroticoclinoid foramen. Hueblein** 
has described the calcification as hav- 
ing a convex upward curvature repre- 
senting the arch of the carotid siphon. 
The most satisfactory method for dif- 
ferentiating a chromophobe adenoma 
from an aneurysm of the circle of 
Willis however is through the use of 
angiography of the skull. The injection 
of the opaque material should of course 
be performed on the same side as that 
of the suspected lesion. 

Gliomas of the optic chiasma and 
nerves usually occur in childhood, and 
evidence of neurofibromatosis can often 
be found elsewhere in the body’. 


Roentgenographic studies of the long 
bones and pelvis may be profitable in 
the identification of such widespread 
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lesions. When the sella turcica is  in- 
volved, the anterior clinoid processes 
are usually undermined, thereby lead- 
ing to a J-shaped sella turcica2®, En- 
largement of the optic foramen can 
often be identified and pneumoence- 
phalographic studies will reveal oblit- 
eration of the cisterna chiasmatis and 
slight deformity of the cephalic border 
of the cisterna interpeduncularis. 

The correct diagnosis of metasellar 
lesions which produce obstruction ot 
the aqueduct of Sylvius is often ex- 
tremely difficult, the sellar changes 
produced by such pathological proc- 
esses frequently being similar to those 
due to chromophobe adenomas. How- 
ever, the dorsum sellae and posterior 
clinoid processes are eroded from 
above in metasellar lesions®’- Further 
more, the posterior clinoid processes 
frequently become pointed and _ short- 
ened rather than uniformly thinned. 

b) Acidophil Adenomas. The acido- 
phil cells of the pituitary gland are the 
source of growth promoting hormones. 
Thus patients with acidophil adenomas 
in contrast to those with chromophobe 
tumors show the endocrine effects of 
hyperpituitarism. These are gigantism 
in children and acromegaly in adults. 

Acidophil adenomas rarely grow to 
the size of chromophobe lesions. There- 
fore the symptoms and changes of 
pressure on neighboring — structures 
produced by the former are less strik- 
ing than those of the latter. Indeed. 
the ophthalmologic and neurologic 
manifestations of acidophil adenomas 
are often minimal in extent. Less than 
half of the patients suffer from visual 
failure and often the most. striking 
complaint is headache". 

The over-production of growth hor- 
mones leads to characteristic bodily 
changes which usually render the 
diagnosis obvious at a glance. The 
head becomes large, the jaws prog- 
nathic and maloccluded, the nose 
prominent and the tongue thickened. 
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The extremities are large, the sh «al- 
ders rounded and_ the "hanes spade- 
like and pufly. The hair is abun‘tan 
and coarse, the skin is thick and per- 
spiration is excessive. Also, the over- 
growth is not limited to the skeleton, 
as many think, but involves all of the 
viscera and probably all body tissues’. 

Concurrently with the overproduc- 
tion of growth hormones, there is often 
an overabundance of other pituitary 
secretions including the thyrotropic 
and some poorly defined anti-insulin 
factor. These changes cause an_ in- 
crease in the basal metabolic rate. 
excessive menstruation or increased 
libido and potentio in the male and 
decreased sugar tolerance sometimes 
accompanied by glycosuria. 

In contrast to the patient with a 
chromophobe tumor, the acromegalic 
is often obstreperous, uncooperative 
and difficult to handle. Such manifesta- 
tions are not — infrequently 
accompanied by marked mental dis- 
turbance. These patients, too, often 
complain of so-called waves of 
acromegalism with exacerbations and 
remissions of their svmptoms for no 
obvious reason. 

About 20% of the patients having 
pituitary adenomas present evidence of 
a mixture of acidophil and chromo- 
phobe elements. In the beginning the 
signs and symptoms of such patients 
are the same as those of the typical 
acromegalic. Later, however, the de- 
velopment of acromegaly stops and the 
state of hy perpituiti irism gives way to 
a_ state of hypopituitarism. 
has called this syndrome, “fugitive 
acromegaly’, and explained it by pos- 
tulating that the chromophobe cells 
outgrow the acidophil cells — and 
eventually arrest their function by 
compression. When this occurs, the 
subsequent course of the patient is 
that of a person having a_ simple 
chromophobe lesion. 


In acromegaly, 3 tvpes of roentgen- 


Cushing" 
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ologic disturbances have been de- 
sevibed in the sella turcica“’. In one. 
the sellar enlargement is minimal, but 
typical bone condensation may be. vis- 
walized in the calvarium. In the 2nd. 
a ballooned appearance is present as 
in Chromophobe tumors; the dorsum 
sellae however is thicker and denser 
than normal. In the 3rd. extensive 
destruction of the sella is found: this 
occurs when the tumor is large. 

In addition to the sellar changes. 
there are a number of other roentgen- 
ologic findings which are more typical. 
The calvarium is large, dense and 
thickened with prominence of the 
supraorbital ridges. There striking 
hyperpneumatization of the paranasal 
sinuses. Also, the mandible is hyper- 
trophied with malocclusion of the jaws 
and wide spacing of the teeth. Tufting 
of the ungual tuberosities of the hands 
is often marked. Indeed. Holt and 
Hodges** believe that overgrowth of 
the terminal phalangeal tufts, prom- 
inence of the bony tuberances along 
the shatts of the metacarpals and 
phalanges and a peculiar soap-bubble 
pattern of distorted trabeculae in the 
bone ends are so typical of an acidophil 
adenoma that its diagnosis may be 
suspected even in the absence — of 
changes in the skull. 

c) Basophil Adenomas. The basophil 
cells of the anterior lobe of the 
pituitary gland secrete a hormone 
known as the 


adrenocorticotropic 
hormone. 


This hormone acts directly 
on the cortex of the adrenal glands. 
In the absence of a responsive adrenal 
cortex it does not exert anv known 
metabolic effect within the body. In 
basophil adenomas there is an over- 
production of adrenocorticotropic hor- 
mone which leads to a hyperplasia of 
the adrenal cortex and an excessive 
secretion of cortical hormones. 

At least 3 groups of hormones arise 
from the adrenal cortex. There are 
those which preserve the sodium and 


water balance of the patient and 
thereby regulate the state of hydration, 
blood volume and blood pre 
This so-called salt hormone is present 
in moderate excess in patients with 
basophil adenomas. Also secreted is a 
group of hormones closely related to 
the male sex hormones of the testes 
which contribute to the secondary 
male characteristics and assist in the 
formation of muscle tissue at the ex- 
pense of carbohydrate and tat forma- 
tion''. For reasons that are not well 
unde rstood, this hormone is not greatly 
increased whet excessive stimulation 
from a basophil adenoma occurs. There 
is finally a group of hormones known 
as corticoids which counteract the 
androgenic hormones. They lead to the 
formation of carbohydrate and fat at 
the expense of muscle tissue and bone 
matrix’. Liver glycogen, blood sugar 
and fat deposits are increased, muscle 
tissue is depleted and osteoporosis 
occurs. The corticoid hormones also 
have a regulatory effect on the hemo- 
poietic system. L ymphoid tissue is sup- 
pressed, ‘circul: ating eosinophils are de- 
creased — and neutrophils are in- 
creased'"*!, 

In view of the complex relationships 
between the adrenocorticotropic hor- 
mone of the pituitary gland and the 
cortical hormones of the adrenal 
glands, the symptoms and laboratory 
findings of patients with basophil 
adenomas are most bizarre. The for- 
mer include a peculiar adiposity which 
spares the extremities, cvanosis of the 
hands, feet, face and neck, amenorrhea 
in the female and loss of libido and 
potentio in the male, muscular weak- 
ness, drowsiness or depression, thin- 
ning and dehydration of the skin often 
accompanied by pigmentation, poly- 


phagia, polydipsia and polyuria and 


hypertension. 

The laboratory findings may be di- 
vided into those associated with the 
urine and with the blood. Among the 
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former may be included a glycosuria, 
an albuminuria occasionally a 
hypercalcinuria. Also in the urine is a 
mild increase in 17-ketosteroid concen- 
tration, and a greatly increased excre- 
tion of corticosteroids. Urinary crea- 
tinine excretion is usually low. In the 
blood there is a neutrophil leuko- 
cytosis, a lymphopenia and an eosino- 
penia. Also a low phosphorus level 
and a high calcium content are ob- 
served, 

The foregoing signs and symptoms 
Vary somewhat in prominence depend- 
ing on which type of adrenal hormone 
predominates. It should also be pointed 
out at this time that the syndrome may 
be produced not only by a basophil 
ade noma of the pituitary gl: ind but by 
a prim: ary adenoma of the adrenal cor- 
tex or by a tumor of the primordial 
cells of the ovary such as an arrheno- 
blastoma. The excessive secretion of 
adrenocorticotropic hormone which is 
characteristic of basophil tumors how- 
ever leads usually to an increased cor- 
ticoid secretion and the rather typical 
loss of protoplasm, fat formation and 
diabetes. 

The roentgenologic findings of 
basophil adenomas include a_ limited 
osteoporosis of the skeleton and 
occasionally lithiasis of the urinary 
tract**. Most but not all patients ex- 
hibit a true osteoporosis of the skull, 
spine, pelvis and ribs, with sparing of 
the extremities. In the development 
of this osteoporosis there is an inability 
of the bones to form and lay down 
protein matrix. This condition there- 
fore is quite different from  osteo- 
malacia where there is an inability of 
the body to deposit ca'cium in the 
matrix and from osteitis fibrosa cvstica 
where there is excessive loss of caleium 
from bone. 

The skull exhibits the fine diffuse 
mottlings of a generalized osteovorosis. 
There are no localized lesions and 
there is no evidence of increased 
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intracranial pressure. The sella turcica 
is almost always normal in size and 
shape since the profound systemic dis- 
turbances of hyperpituitarism occur 
well before the tumor grows to a large 
size. Fuller and Russell'* however have 
reported 2 cases with sellar enlarge- 
ment in which the basophilism was 
also accompanied by chromophobe 
neoplasia. Sosman*” has also reported 
that the lamina dura around the teeth 
is intact in contrast to the situation 
in osteitis fibrosa cystica of hyper- 
parathyroidism where it is absent. 

Not infre quently, there may be spon- 
taneous fractures of the ribs and 
vertebral bodies with a dorsal kyphosis 
often following the latter disturbance. 
The rib fractures may exhibit excessive 
callous about them. Sussman and 
Copeland** reported that when the 
fractures and the resulting callous are 
near the anterior ends of the ribs, there 
is a characteristic broadening or flaring 
of the ribs on the roentgenogram. 

Differentiation of basophil adenomas 
of the pituitary gland and tumors of 
the adrenal cortex may often be made 
by roentgenologic examination of the 
abdomen. A definite tumor mass in 
the supri arenal region may often be 
seen in the latter condition. There may 
also be downward displacement of the 
ipsolateral kidney or elevation of the 
ipsolateral leaf of the diaphragm. As 
ve have previously noted, the ab- 
dominal roentgenograms may some- 
times reveal small renal calculi. Sos- 
man** also found calcified gall stones 
in 2 of 7 cases he reviewed. Both 
changes presumably follow the hvver- 
calcemia that exists in the basophilic 
state. 

d) Craniopharyngiomas. Craniopha- 
rvngiomas are cystic tumors, terato- 
matous in character. which arise from 
remnants of Rathke’s pouch. Thev are 
suprasellar in position produce 
svmptoms through pressure ad- 
jacent structures including the hypo- 
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thalamus, the optic nerves and tracts, 
the floor of the 3rd ventricle and the 
pituitary gland. Pressure on the 
pituitary gland leads to the develop- 
ment of hypopituitarism as in chromo- 
phobe adenomas. 

In children where craniopharyngio- 
mas are found most frequently the 
endocrine changes give rise to adipos- 
itv, dwarfism and sexual infantilism as 
described by Frohlich'’®. In the adult 
the changes are often not greatly dis- 
similar to those produced by chromo- 
phobe tumors and accordingly make 
their differential diagnosis rather diffi- 
cult. Encroachment upon the optic 
pathways produces serious visual dis- 
turbance papilledema. Blindness 
frequently follows if the pressure is 
not relieved by operation. 

Seventy percent®® of craniopharyngi- 
omas are sufficiently calcified to cast 
a recognizable shadow  on_ lateral 
roentgenograms of the skull. In most 
of these cases there is also enlargement 
of the sella turcica. Indeed sellar en- 
largement of some degree is present 
in the majority of patients. The en- 
largement is accompanied by atrophy 
of the floor of the sella turcica and by 
erosion and depression of the posterior 
clinoid Pneumoencephalo- 
graphic studies reveal a deformity of 
the third ventricle, particularly in the 
region of the hypothalamus, oblitera- 
‘ion of the cisterna interpeduncularis 
nd a defect of the rostral end of the 
isterna pontis’. 

In children there is usually little 

lifficulty in the diagnosis of cranio- 

haryngiomas. The differentiation of 
from chromophobe 
denomas in the adult may, as we have 
iid, be difficult. This is particularly 
) when suprasellar calcification is ab- 
nt. Occasionally surgical exploration 
ust be followed before the diagnosis 
made. Fortunately, craniopharyngio- 
is are infrequent in the age groups 


processes, 


hese lesions 


where chromophobe adenomas are 
common. 

Treatment. Tumors of the pituitary 
gland are for the most part benign 
lesions. Nevertheless, there is always 
a certain urgency for the institution 
of therapy, as serious neurologic prob- 
lems or generalized endocrine disturb- 
ances are usually present at the time 
of their discovery. 

In general, acidophilic and baso- 
philic adenomas are most satisfactorily 
attacked by radiation therapy. The evi- 
dence of recent work also indicates 
that radiation therapy with certain 
well defined exceptions is the primary 
treatment of choice in chromophobe 
adenomas. The therapy for cranio- 
pharyngiomas is exclusively surgical 
since these lesions do not respond to 
radiation. 

a) Chromophobe Adenomas. In al- 
most all instances the primary thera- 
peutic problem of a chromophobe 
adenoma is the relief of pressure on 
adjacent structures, usually the optic 
chiasma, optic nerves or optic tracts. 
It is therefore not surprising that 
surgical evacuation of the tumor was 
widely accepted for many years as the 
primary therapeutic procedure in pa- 
tients with this lesion. Indeed, the 
immediate results of surgery have often 
been excellent since removal of even 
portions of the lesion vield relief of 
the’ ophthalmologic and other neuro- 
logic changes that may be present. In 
Cushing's series of cases reported by 
Henderson”, immediate improvement 
in vision was observed in 72% of the 
patients who were treated by surgery. 
In this group of cases, both the trans- 
phenoidal approach and the trans- 
frontal operation were used with the 
results of each procedure being equal 
to one another. 

Unfortunately, the surgical methods 
that may be applied to the pituitary 
gland are not without considerable 
risk. Although Cushing was able to 
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establish an operative mortality of only 
slightly in excess of 2%, such a low 
level has rarely been achieved in other 
clinics. Grant'* at the University of 
Pennsylvania reports an operative mor- 
talitv in excess of 9% and others have 
even higher rates. 

Unfortunately, too, —chromophobe 
adenomas do not have a well defined 
capsule which might permit the com- 
plete enucleation of the tumor at 


surgery. As a result, only portions of 


the lesion can be removed and unde- 
termined fractions of the tumor remain 
behind. As a result many surgically 
treated chromophobe tumors recur. In- 
deed, in Henderson's series 50% of the 
chromophobe tumors exhibited a return 
of symptoms within 5 vears of therapy. 
In an effort to reduce the growth 
potential of the cells remaining after 
surgery, Cushing instituted a thera- 
peutic program in which surgery was 
followed by radiation therapy. The re- 
sults of this procedure have been 
eminently satisfactory with the number 
of cases without recurrence after 5 
vears rising to 87% if the transfrontal 
approach is used and 657% if the trans- 
phenoidal operation is emploved. 
Concurrently, with the development 
of surgical techniques, other workers 
were applving radiation therapy to the 
problem of chromophobe tumors®12:1, 
At first, the results were discouraging. 
Radiation damage to the brain was 
feared and the dosages of radiation 
which were administered to the lesions 
were small. When brain damage did 
not occur, however, dosages were in- 
creased and the results have improved. 
Indeed. Kerr?*-27, and Bushman and 
Harris*® have recently been able to cause 
reoression of the symptoms in almost 
60% of their cases for periods of 5 vears 
or more. Such results are closely com- 
parable to those yielded by surgery 
plus post-onerative radiation particu- 
larly when it is remembered that there 
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is no mortality associated with radia- 
tion therapy. 

The method of treatment currently 
used by Kerr?®, and Bachman = and 
Harris® consists of the radiation of 4 
fields directed toward the sella turcica 
—2 temporal, 1 frontal and 1 vertical. 
The radiation employed is of relatively 
short wavelength in order to reduce as 
far as possible the skin dose received 
at each of the portals. Kerr suggests 
the use of 200 kvp., a quality of 1.95 
mm. Cu. half-value-layver, a em. 
tube-skin distance and a 5 cm. cone. 
Such a combination of factors may be 
easily obtained with almost any of the 
roentgen therapy units available today. 

A relatively low dosage of 100 roent- 
gens is given to one field on the first 
day in order to reduce as much as pos- 
sible the chances of the tumor’s swel- 
ling and causing increased intracranial 
pressure and headache. If there is no 
reaction, 100 r are given to each of 
2 fields on the 2nd day. After this, 200 
r are given to each of 2 fields per day 
until a total of 2000 r are administered 
to each field. All dosage measurements 
are made in air. 

The dosage delivered to the tumor 
with the foregoing technique is of the 
order of 2400 r. A somewhat greater 
dosage (3000 to 3600 r) mav_ be 
administered if portals of 6 by 8 cm. 
are employed. In either case epilation 
of the hair over the treated areas oc- 
curs; however, this phenomenon is 
entirely temporary. 

Using the foregoing technique Kerr 
has been able to increase the visual 
fields, reduce the headache and gen- 
erally improve the patient's condition 
for a period of 5 years in 58% of his 
cases. Arrest of the ophthalmologic 
changes and loss of the headache have 
been achieved for a similar period in 
an additional 12%. The results have 
been poor in 307%. 

The cause of failure in these patients 
in whom the results have been un- 


| 
Fa 
2 
a 
= 


er! 
sual 
Hon 
his 
IC 
ave 
in 
ave 


ents 
un- 


RADIOLOGY DST 


satisfactory has been the subject of 
some speculation. When the dosages 
applied to pituitary tumors were appre- 
ciably less than those advocated 
today, the percentage failure was con- 
siderably greater than that recorded by 
Kerr. This may lead one to ask whether 
even greater dosages should be applied 
in the future. This may be so. How- 
ever, it should be pointed out. that 
approximately 20% of chromophobe 
adenomas are cystic in character and 
cystic lesions have little or no response 
to roentgen radiation. Also, a certain 
number of the lesions are likely to be 
radio-resistant to therapy. It therefore 
inay be expected that about 30% of 
chromophobe adenomas will not  re- 
spond. satistactorily and that  present- 
day radiation dosages are probably 
adequate. 

Before the recent 
higher radiation dosages, radiation 
treatment frequently adminis- 
tered in several courses, many weeks 
apart. Also, if the lesion did not re- 
spond properly, the program of therapy 
often was repeated. It is always diffi- 
cult to evaluate the benefits of such 
modifications in the therapy schedule, 
but Bachman and Harris* have recently 
been able to do so in a review of their 
patients. In general, their results of 
therapy were disappointing where the 
radiation was divided into multiple 
where the radiation was 
repeated for a recurrence of the lesion. 
Certainly, little seemed to be gained 
by not following the simple shane 
in which 3000 roentgens were delivered 
to the tumor within a period of 30 to 
15 days. 

Although one may usually proceed 
with the administration of roentgen 
therapy without great concern, Kerr®é 
points out 3 instances where one must 
use caution or defer to the surgeon. 
These include 1) suspicion of a cystic 
tumor; 2) symptoms of hemorrhage 


trend toward 


Was 


courses) or 


into the tumor, and 3) increased intra- 
cranial pressure. 

Cystic lesions, as we have said be- 
fore, respond poorly to radiation and 
it therefore may be argued that surgery 
should be employed without the delay 
of a course of radiation therapy where 
such changes are suspected. Unfor- 
tunately, there is almost no way in 
which one can be certain that cystic 
degeneration has taken place in a 
chromophobe adenoma without radia- 
tion or surgical interference. In view 
of this, Bachman and Harris* and also 
Kerr? proceed with the institution of 
radiation in all cases where hemor- 
rhage or increased intracranial pressure 
have not occurred. As the course of 
radiation is given, perimetric studies 
of the visual fields are meticulously 
followed. If at the end of 2 months a 
satisfactory response has not been 
achieved, the lesion is taken to be 
either cystic or radio-resistant, and the 
patient is referred to the neurosurgeon. 

It is usually not difficult to suspect 
hemorrhage in a chromophobe tumor 
since there is frequently a history of 
a recent acute episode in which severe 
visual disturbances are manifested. 
When such an episode occurs, surgery 
should be employed quickly since 
rapid visual degeneration may other- 
wise occur. 

The increased dosage of radiation 
advocated for pituitary tumors raises 
questions concerning the possible dam- 
age to the cranium and cranial con- 
tents. A number of cases of necrosis of 
the skull following the irradiation of 

pituitary tumors has been reported”*. 
As Kerr has shown, however, this com- 
plication can be effectively avoided if 
multiple ports of therapy are employed 
and if radiation of reasonably high 
penetrability is used. Certainly no bone 
damage may be expected if a dose of 
only 2000 to 3000 roentgens to each 
portal is given. 

The same may also be said of the 
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possible damage to the brain. The 
examination at autopsy of patients who 
received large quantities of radiation 
for brain tumors indicates that it is 
very difficult to produce any anatomi- 
cal ‘change within the brain by irradia- 
tion of the type used in conventional 
medical practice. Also there is no evi- 
dence to indicate that serious fune- 
tional disturbance occurs following 
irradiation. 

b) Acidophil Adenomas. The treat- 
ment of acidophilic lesions like those 
of the chromophobe variety is directed 
toward the limitation of the growth 
potential of the tumor cells and the 
relief of pressure produced by the 
adenoma on surrounding structures. 
Usually the latter problem is of secon- 
dary importance because these tumors 
usually create severe systemic  dis- 
turbance before they encroach on 
neighboring structures. 

When roentgen dosages similar to 
those employed for chromophobe 
adenomas are used, the progress of the 
lesion is usually arrested. In Kert’s 
experience failure in the treatment of 
acidophil adenomas occurs principally 
when the tumor is cystic or hemor- 
rhagic. The prognosis in such cases 
appears to be rather poor, both from 
the radiologic and surgical standpoints. 

c) Basophil Adenomas. The treat- 
ment of basophil adenomas has_re- 
cently been summarized by Sosman**. 
In general, 2 lines of atte ick may be 
e mploye -d. In one, measures to counter- 
act the effects of the pituitary-adrenal 
axis may be instituted. In the other, di- 
rect attack may be made on the secre- 
tory activities of the pituitary’s baso- 
philic cells or of the cells of the adrenal 
cortex. In the first approach the ‘pro- 
longed administration of testosterone 
has been instituted by some workers 
in an attempt to counteract the exces- 
sive secretion of the corticoid hor- 
mones. This however, 
has not been very successful. In the 
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second approach, estrogens'**! have 
been given in an effort to suppress the 
activity of the basophil cells. Although 
a few good temporary results have 
been achieved, the long-range effects 
of this therapy have been disappoint- 
ing, also. 

In addition to the use of estrogens, 
irradiation of the pituitary region, 
irradiation of the adrenal areas, partial 
adrenalectomy and occasionally sur- 
gery of the pituitary gland have been 
employed. As far as the surgical meth- 
ods are concerned, the results are 
extremely discouraging. In the case of 
adrenalectomy, the procedure is usu- 
ally followed by cortical insufficiency® 
and death. 

Probably more patients have been 
benefited and more prolonged remis- 
sions of symptoms have been obtained 
by the use of radiation therapy of the 
pituite ury region than by any other 
method. It must be emphasize ‘d, how- 
ever, that good results of lasting char- 
acter have been obtained in only a 
small percentage of the patie nts. Com- 
plete and lasting remissions are ex- 
tremely rare and all too often even 
temporary relief is not obtained. 

The techniques that have been 
employed in the radiation of basophil 
lesions have been extremely variable. 
Some workers have used small dosages 
of a few hundred roentgens. Others 
have administered 2000 to 3000 r to 
the tumor. The results that have been 
achieved seem to have no relationship 
to the dosage applied, a fact that sug- 
gests that radiation like other forms 
of therapy is of little value; the few 
good results that have been obtained 
may easily be due to the peculiar tend- 
ency of the disease to cyclic variations 
and spontaneous remissions?*4+, How- 
ever, the number of cases that have 
received adequate radiation (that is, 
3000 to 4000 r) to the pituitary has 
been small and therefore it may be 
well to reserve judgment on radiation 
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therapy until more data have been 
collected. 

d) Craniopharyngiomas. Since crani- 
opharyngiomas are cystic lesions, they 
are unresponsive to radiation therapy 
and therefore must be attacked by 
surgical methods. Unfortunately, these 
tumors are frequently entangled in ad- 
jacent vascular structures including the 
internal carotid and anterior cerebral 
arteries. Accordingly, their removal is 
often fraught with great difficulties and 
at times is completely impossible. 
Under these circumstances the prog- 
nosis of the lesion is discouraging and 
the operative mortality is high’. 

Discussion. Among the various pitui- 
tary tumors, the outlook for the 
chromophobe adenoma is the most 
satisfactory. Either radiation therapy 
or surgery, or a combination of the 
two, controls the local effects of the 
lesion in a high percentages of cases, 
and the systemic endocrine manifesta- 
tions are usually minimal in extent. 
Furthermore, it now appears that the 
tumor may be diagnosed in its pre- 
symptomatic state at a time when 


‘therapy is most successful by means of 


roentgenologic studies of the sella 
turcica. The evidence at hand indicates 
that a chromophobe adenoma expands 
the sella turcica long before it assumes 
a sufficient size to encroach upon ad- 
jacent neurologic tissues. Therefore, a 
patient with an enlarged sella turcica 
that is, one greater than 130 sq. mm. 
in its lateral plane area) should be sus- 
pected of having a  chromophobe 
idenoma even in the absence of visual 
or other symptoms. Of course, one 
should not consider the institution of 
radiation therapy or surgery in such 


an individual without further study. 
However, therapy of one kind or an- 
other should be undertaken if subse- 
quent roentgenograms of the skull 
taken after an interval of 3 to 6 months 
demonstrate an additional increase in 
sellar size, even though symptoms have 
not yet appeared. Radiation therapy 
instituted at this time will almost cer- 
tainly cause permanent regression of 
the lesion and will avoid the dangers 
which follow further growth of the 
tumor. 

It is fortunate that chromophobe 
adenomas comprise over 50% of pitui- 
tary tumors, for the prognoses of the 
remaining lesions of the gland are 
rather discouraging, This is particularly 
so in the case of the basophil adenoma. 
It appears that until much more is 
known of the secretory activity of the 
basophil cells, the control of this type 
of tumor will remain a serious prob- 
lem. 

In recent vears, little or no progress 
has been made in the development of 
methods by which the acidophil 
adenoma or the craniopharyngioma 
may be combatted more successfully. 
Radiation methods appear to have 
gone as far as they are able in the 
case of the former lesion and surgery 
seems to have reached its maximum 
position in the case of the cranio- 
pharyngioma. Earlier diagnosis may 
well be the key to the solution of the 
problems which these tumors pose. In 
this connection it does not seem that 
better diagnostic methods are required 
as much as the earlier appearance of 
the patient at the office of his physi- 
cian for the application of the methods 
now at our disposal. 


REFERENCES 


(1) Albright, F 
son, E., and Haymaker, W.: J. Nerv 


Harris, W.: Radiology, 53, 331, 1949. 


(4) Chant, L. K.: Am. J. Roent. and Rad. Ther., 


‘ath. 12, 205, 1936. (6) Cushing, H.: 


, Parson W., and Bloomberg E.: J.C _ Endocrin., 
. and Ment. Dis., 


1, 375, 1941. (2) Ander- 
99, 511, 1944. (3) Bachman, A. B., and 


50, 480, 1943. (5) Costello, R. J.: Am. J. 


Bull. Johns Hop. Hosp., 50, 137, 1932. 


e 
h 
ts N 
n, 
al 
T- 
re 
ot 
er 
r- | 
a 
n- | 
iil 
le. 
es 
TS 
to 
en 
ip 
ns 
ed 
d- 
ns 
w- 
ve 
as 
be 
on 


OO) PROGRESS OF MEDICAL SCLENCI 


(7) Davidoff, L. M., and Feiring, E. H.; Am. J. Surg., 75, 99,1948. (8) De Schweinitz, G. E.: 
rans. Ophthal. Soc. Un. King., 43, 12, 1923. (9) Dott, U. M., and Bailey, P.: Brit. J. Surg., 13, 
314, 1925. (10) Dougherty, T. F., and White, A.: J. Lab. and Clin. Med., 32, 584, 1947. 
(11) Dyke, C. G.: Diagnostic Roentgenology, Edited by Ross Golden, New York, Thomas 
Nelson, 1947. (12) Dyke, C. G., and Gross, S. W.: Bull. Neur. Inst. N. Y., 1, 211, 1931. (13) 
Dyke, C. G., and Hare, C. C.: Proc. Assn. Res. Nerv. and Ment. Dis., 17, 651, 1936. 

(14) Evans, H. M.: Am. Scientist, 35, 465, 1947. (15) Freyberg, R. H., Barker, P. S., New- 
burgh, L. H., and Coller, F. A.: Arch. Int. Med., 58, 187, 1936. (16) Frohlich, A.; Wien klin. 
Rundsch., 15, 883, 906, 1901. (17) Fuller, C. J., and Russell, D. S.: Lancet, 2, 181, 1936. 

(18) Grant, F. C.: J. Am. Med. Assn., 136, 668, 1948. 

(19) Hare, H. F., Silveus, E., and Smedal, M. L: Radiology, 52, 193, 1949. (20) Henderson, 
W. R.: Brit. J. Surg., 26, 811, 1939. (21) Hills, A. G., Forsham, P. H., and Fuch, C. A.: Blood, 
3, 455, 1948. (22) Holt, J. F.. and Hodges, F. J.: Radiology, 44, 25, 1945. (23) Hueblein, 
G. W.: Am. J. Roent. and Rad. Ther., 56, 299, 1946. (24) Hurxthal, L. M., and Younghusband, 
D. Z.: Radiology, 52, 179, 1949. 

(25) Jefferson, G.: Proc. Roy. Soc. Med., 33, 433, 1940. 

(26) Kerr, H. D.: Am. J. Roent. and Rad. Ther., 60, 348, 1948. (27) Kerr, H. D., and 
Cooper, W.: Ibid., 48, 467, 1942. (28) Kornblum, K.: Arch. Neur. and Psychiat., 27, 305, 1932. 

(29) McKenzie, K. G., and Sosman, M. C.: Am. J. Roent. and Rad. Ther., 11, 171, 1924. 

(30) Pancoast, H. K., Pendergrass, E. P., and Schaeffer, J. P.: The Head and Neck in 
Roentgen Diagnosis, Springfield, Ill., Charles C Thomas, 1940 

(31) Rakoff, A. E. Cantarow, A., and Paschkis, K. E.: J. Clin. Endocrin., 1, 912, 1941. 

(32) Sosman, M. C.: Am. J. Roent. and Rad. Ther., 62, 1, 1949. (33) Sussman, M. L., and 
Copeland, B.: Radiology, 39, 288, 1942. 

(34) Thompson, K. W., and Eisenhardt, L.: J. Clin. Endocrin., 3, 445, 1943. (35) Thorn, 
G. W., Dorrance, S. S., and Day, E.: Ann. Int. Med., 16, 1053, 1942. (36) Traquair, H. M.: 
An Introduction to Clinical Perimetry, St. Louis, C. V. Mosby, 1943. 

(37) Walker, C. B., and Cushing, H.: Arch. Ophthal. 47, 119, 1918. (38) Whitelow, M. J.: 
J. Clin. Endocrin., 4, 480, 1944. 


NOTICE AND INSTRUCTIONS TO CONTRIBUTORS 


Manuscripts intended for publication in THe AMERICAN JOURNAL OF THE MepicaL Sciences, and 
‘orrespondence, should be sent to the Editor, Dr. Epwarp B. Krumpyaar, School of Medicine, Uni- 
versity of Pennsylvania, Philadelphia 4, Pa. Articles are accepted for publication in THe AMERICAN 
JOURNAL OF THE MepiIcatL Sciences exclusively, except in the case of subsequent publication in Society 
proceedings 


Manuscripts should be typewritten on one side of the paper only, and should be double spaced 
with liberal margins. The author's chief position and, when possible, the Department from which 
the work is produced should be indicated in the subtitle. IntusTrRaTIONS accompanving articles should 
be numbered and have typed captions bearing corresponding numbers. For identification they should 
also have the author's name written on the margin or back. The recommendations of the American 
Medical Association Style Book should be followed. Rererences should be numbered and at the 
end of the articles arranged alphabetically according to the name of the first author and should be 
complete, that is, author’s name, journal, volume, page and year (in Arabic numbers). 


ReturN PostaGeE should accompany all manuscripts but will be returned to the author if the manu- 
script is accepted. 


100 Reprints will be supplied gratis. Covers will be omitted on all articles. Orders of additional 
reprints will be supplied in multiples of 100. 


| 
| 
} 
i 
i 
| 
4 
| 
4 


nal 


BOOK REVIEWS AND NOTICES 


Ceresrat Cortex or Man. By WiLper 

PENFIELD, M.D., Prof. of Neurology and 
Neurosurgery, McGill Univ., and THEODORE 
Rasmussen, M.D., Prof. of Neurosurgery, 
Univ. of Chicago. Pp. 248; 120 ills. New 
York: Macmillan, 1950. Price, $6.50. 

Ir is easy to predict that this comprehensive 
book will become a standard work in the 
laboratory and library of everyone interested 
in the human cerebral cortex. It is written in 
the spirit of Sherrington’s School. It gives in 
precise and readable form the source material 
gained from clinical, electroencephalographi« 
and electrocorticographic observations in pa- 
tients and from results of cortical electrical 
stimulations and extirpations during almost 
100 craniectomies. The conclusions are care- 
fully drawn, and the Authors have avoided 
indulgence in any hypotheses. This new doc 
trine of localization of function in the human 
cortex makes fascinating reading. It is shown 
that the body surface is distributed on the 
central convolutions according to functional 
importance and that the two central con- 
volutions represent a sensory-motor — unit. 
The border lines of the cortical fields seem 
to be less precise, functionally his- 
tologically, than was so far presumed, and no 
vestige of the suppressor strips was found. 
Secondary acoustic, optic and sensory-motor 
fields are mapped. The appearance of dreamy 
states, blackout of memories and temporary 
suppression of naming objects and of counting 
on stimulation of circumscribed areas gives a 
new approach to many aspects of brain physi- 


logy. F. L. 


Meprcat Gyneco.tocy. By James C. JANNEY, 

M.D., Assoc. Prof. of Gynecology, Boston 
Univ. 2d ed. Pp. 454; 108 ills. Phila.: W. B. 
Saunders, 1950. Price, $6.50. 

Accorvinc to the Author this edition has 2 
tims: to aid medical students in correlating 
didactic lectures with clinical experience and 
to provide refresher material for the general 
practitioner. 

The volume is divided into 7 sections con- 
sisting of history and examination, sympto- 
matology, abnormal physical findings, tests 
and special examinations, treatment, socio- 


medical problems and the choice between ir- 
radiation and operation. While all sections are 
well done, except for the brevity of the sec- 
tion upon physical findings, the 2nd and the 
» particularly good. 


6th sections are 


That devoted to the patient’s complaints 
reflects abundant clinical experience and 
thoughtful organization. The consideration of 
each of the common gynecological complaints 
contains a brief and lucid tabulation of the 
most important differential diagnostic points. 

The section upon socio-medical problems is 
divided into 4. sub-sections: environmental 
factors, contraception, preparation for mar- 
riage, and marital maladjustments. Each topic 
is considered in such a sound and understand- 
ing manner that this chapter enhances the 
worth of the volume tremendously. As_ the 
Editor states, “What we have lacked until the 
past few vears has been the marriage counse- 
lor, the general practitioner of marriage, who 
is equally competent to handle all of the 
problems and who has to refer to specialized 
help only on rare occasions”. 

The book is prepared attractively and has 
an accurate index and bibliography. The gross 
illustrations are apropos and clear. The use- 
fulness of the microscopic illustrations of 
cervical and endometrial changes is question- 
able, however. A more complete consideration 
of abnormal physical findings by both discus- 
sion and gross illustration would have been 
helpful. 

This volume will aid the student in obtain- 
ing a broader view of the subject of gyne- 
cology, will furnish the general practitioner 
with needed refresher material, and will also 
impress the busy specialist with the impor- 
tance of the many socio-medical problems in 
gynecology which so many of us have neglec- 
ted, either through lack of time and under 
standing or through the lack of training. 

F. P. 


A Suort Texrsook or RApiorTHERAPY. By | 
Watvrer, M.R.C.P. (Lond.), and H. 
Ph.D. (Camb.). Pp. 444; 199 ills. Phila.: 
Blakiston, 1950. Price, $6 00. 

Tus short textbook contains material per- 
tinent to many phases of clinical radiotherapy. 
including phy sical principles, natural and arti- 
ficial radioactive substances and radiotherapy 

dermatology. Though not definitive, there 
is a quantity of useful fundamental informa- 
tion embraced in the short chapters covering 
wide fields. Primarily intended for students 
and technicians. it would also seem a valuable 
review source for radiologists and a good in- 
troduction to radiotherapy for physicians not 

prir-erily interested in radiology. E. P. 

(591) 
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MovbERN TRENDS IN Edited by 

Stir Harry Piatt, M.D., Prof. of Ortho- 
paedic Surgery, Univ. of Manchester, Eng- 
land. Pp. 497; 222 ills. New York: P. B. 
Hoeber, 1950. Price, $10.00. 

Tus timely and informative book by Platt 
and his collaborators discusses a wide range 
of orthopaedic problems and is an excellent 
resume of the current thought of this specialty 
in England. It should be in the’ library of 
every orthopedic surgeon, for it is well written 
and adequately illustrated; it may be taken 
as an index of the high intellectual caliber of 
the Authors represented. ie. 


PSYCHOSOMATIC MeEpDICINE, PRINCIPLES 

AND APPLICATIONS. By FRANZ ALEXANDER, 
M.D., Clinical Prof. of Psychiatry, Univ. of 
Illinois, with a Chapter by BENE- 
pek, M.D. Pp. 300. New York: W. W. Nor- 
ton, 1950. Price, $4.00. 

AN outgrowth of Dr. Alexander's earlier 
work, “The Medical Value of Psychoanalysis”, 
this book describes the concepts on which the 
psychosomatic approach in medicine is based 
and presents the results of study concerning 
the influence of emotions on bodily processes 
in health and disease. Dr. Alexander, as a 
leader in American psychiatry and psycho- 
analysis and as one who has been outstanding 
in his contributions to the field of psycho- 
somatic medicine, is eminently qualified to 
write such a book. It is an important contri- 
bution in this day and age, which has been 
referred to as the “psychosomatic era in medi 
cine”. It will be of real interest and use to 
physicians, psychiatrists, medical students and 
others working in the medical field. 

W. P. 


BioLoGcicAL Stupies WitrH Potonium, Ra- 
DIUM, AND PLuToNtIuM. Edited by Ropert M. 
Fink, Ph.D., Assoc. Clin. Prof. of Physio- 
logical Chemistry, Univ. of California. Pp. 
$11. New York: McGraw-Hill, 1950. Price. 
$3.75. 

Tuis volume is one of a series being com- 
piled of the research work done during the 
war years under the Manhattan Project and 
the Atomic Energy Commission. When this 
series is completed it will consist of some 
60 volumes; this one reports the experimen- 
tal studies carried out by the Biological 
Chemistry Section of the division of radio- 
activity in the Manhattan Department of the 
University of Rochester. Polonium, radium 
and plutonium are all alpha particle emitters, 
and the purpose of this study is a comparison 
of the biological effects of these similar radio- 
active elements. For one engaged in funda- 


AND NOTICES 


mental biological chemical research this vol- 
uume is of value. Most of this experimental 
work was of necessity clothed in secrecy dur- 
ing the war years, and with the publication 
of this data a great deal of reduplication of 
work will be avoided. eg 


SHortr History or Puysiovocy. By KEN 
NETH J. FRANKLIN, D.M., Prof. of Physiol- 
ogy, St. Bartholomew's Hospital. 2d ed. Pp. 
147; 16 ills. London and New York: Staples 
Press, 1950. Price, $2.00. 

Tuts edition gains much over the Ist 
brought out in war time—by its better design, 
better paper and cover, and the inclusion of 
16 halftone portraits of physiologists and a 
frontispiece. The Ist edition could not be 
illustrated. There are also scattered additions 
to an otherwise almost verbatim reproduction 
of the original text. In spite of its small size, 
the book is loaded with facts—overloaded 
perhaps, as there is a noticeable tendency to 
dry staccato sequences. It is, however, a wel 
comed follower of Foster's now aged History 


E. K. 


SUPERVOLTAGE ROENTGENTHERAPY. By FRANZ 
BuscHKE, M.D., Simeon T. Canrrit, M.D.. 
and Herperr M. Parker, M.Sc., Tumor 
Inst., Swedish Hospital, Seattle. Pp. 375: 
260 ills. Springfield, Ill: Charles C Thomas, 
1950. Price, $10.50. 

Tus short book is a_ brief report of the 
Authors’ 8 years experience with radiother- 
apy in the 800 kv range. In the Ist chapter. 
a description of the equipment and an ex- 
planation of the biophysical differences and 
advantages of voltages in the higher ranges 
are outlined. The remaining 10 chapters em- 
phasize the clinical and therapeutic problems 
in the treatment of various forms of malig- 
nancy. 

This monograph is an unbiased evaluation 
of the usefulness of supervoltage therapy 
Chiefly, in the major forms of cancer, super- 
voltage treatment is tolerated considerably 
better; there is less morbidity due to the 
treatment itself and sequellae are reduced. 
There is no attempt to establish a definitive 
group of results through statistics. Numerous 
well illustrated clinical histories are presented 
and evaluations are left to the reader. A 
commendable feature of the text is the criti 
cal analysis of limitations of radiotherapy in 
cancer, not only in the supervoltage ranges 
but in the more widely used 200 kv range, 
which considerations are not fully empha- 
sized in many standard works that show 
trends toward over-enthusiasm. ©. 


| 
5 \ 
i 
| 
4 
4 
I 
$ 
& 
\q 
= 
| 
4 


BOOK REVIEWS 


\lepicat. Prysics. 
Orro GLASSER, 


Vol. 2. Editor-in-Chiet, 
Ph.D., F.A.C.R. Pp. 1227; 

978 ills. Chicago: Year Book Publishers, 
1950. Price, $25.00. 

THe present volume is a complement and 
supplement to the Ist volume which was 
ssued in 1944, and reprinted in 1947. 
Reviewed in the Am. 7 Med. Sci., 207, 697, 
944.) This is an entirely new work, con- 
taining only material which either was not 
overed in the Ist volume or which, because 
advances in knowledge, required new 
presentation. Subject matter which has re 
mained essentially unchanged has not been 
reprinted, but is referred to by title. 

The subjects are arranged in alphabetical 
wder; a comprehensive index serves for ease 
ft reference. As in the earlier volume, the 
field covered includes not only medicine in 
ts clinical and pre-clinical aspects, but many 
wuxiliary branches of biology. It is of ency 
lopedic character, and will no doubt serve 
isa most useful text of reference. se 


the 1949 Yran Book or PATHOLOGY AND 
CuinicaAL Patuotocy. Edited by Howarp 
KARSNeER, M.D., Western Reserve Univ.. 


und Arruur SAnrForp, M.D., 
Mayo Clinic. Pp. 543; 161 ills. Chicago 
Year Book. Publishers, 1950. Price, $4.75 


lie present Year Book, like its predeces- 
sors, gives abstracts of publications deemed 
to be of particular interest or significance bv, 
the Editors. The abstracts, on the average, 
we well written and sufficiently detailed; 
wany are accompanied by illustrations, and 
by brief editorial comments. Where certain 
ecent publications were found to represent 
uly fragments in a series of consecutive 
studies, the Authors have been requested to 
resent reviews of their fields of 
nvestigation. The 4 reviews within the pres- 
nt volume deal with: Pathology of atomic 
omb casualties, the problem of early cancer, 
© physiopathology of cancer, and neoplasia 
fishes, amphibians and reptiles. 
he first half of the book, approximately, 
ils with pathology, the latter half with 
nical pathology. The Editors and publisher 
serve congratulations on continuing a 
rth while text. It gives a cross section of 
gress in 2 disciplines with which every 
inch of medicine and surgery is intimately 


neerned. 


concise 


NNUAL Review oF Mepicine. Edited by 
Vinpsor C. Cuttinc and Henry W. New- 
‘AN, Stanford Univ. School of Med. Vol. 1. 
p. 484. Stanford, Cal.: Annual Reviews. 
950. Price, $6.00. 


AND NOTICES 

Kon several years, Annual Reviews have 
published reviews of biochemistry, physi 
ology and other allied sciences. This volum« 
is the initial endeavor to review the  litera- 
ture on medicine and the sub-specialties. Its 
Authors have urged to pitch their 
writings at a scholarly level, and as a whole 
this book achieves its purpose. 

There has been a very careful selection of 
authors for cach section. This volume should 
be of particular interest to internists and the 
busy practitioner interested in the newer 
advances in medicine and the scientific basis 
tor these advances. The bibliography at the 
close of each chapter is an extensive and 
ready reference tor those who wish to obtain 
more detailed information. An excellent  fea- 
ture is the annotated reviews in which the 
Author of every section lists under each sub- 
specialty the various and review 
articles that have appeared in recent litera- 
ture, with a comment upon 
each review. 

In order to avoid biased interpretations of 
any particular subject, different authors will 
be chosen for the reviews vearly so that as 
subsequent volumes are issued, all attitudes 
upon controversial subjects will be voiced. 
The list of authors already selected for 1951 
reflects the same excellent choice as shown 
in this volume. The internist especially should 
find it of much value to own the series. 
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progress 


one-sentence 


HANDBOOK OF PHysICAL MEDICINE AND ReE- 
HABILITATION, By THe Counc. ON Puys- 
ICAL. MEDICINE AND REHABILITATION OF THE 
AMERICAN Mepicat Association AND 29 
Conrrisurors. Pp. 573; 56. ills. Phila.: 
Blakiston, 1950. Price, $4.25. 

Wirn the field of physical medicine ex- 
panding daily, this volume becomes a_ Ist 
edition by the addition of “rehabilitation” to 
the previous editions of Physical Medicine. 
This change vastly broadens the scope of the 
book by bringing under consideration all the 
medical, psychological and social services with 
which a person recovering from disease or 
injury is taught to live. 

There are included articles covering the 
mechanics of physical medicine, such as heat, 
light, diathermy, fever therapy, massage, 
hydrotherapy, and electrical currents. In 
addition are articles describing the 
application of these agents to specific diseases. 
such as fractures, vascular diseases, skin 
diseases, and psychiatric problems. 

This volume should certainly increase one’s 
understanding of the principles and practice 
of physical medicine. H. V. 
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THe CRIMINALITY OF By Orro 
POLLAK Pp. 180. Phila.: Univ. of Penna 
Press, 1950 Price, $3.50. 

Pris is an excellent presentation of a com 
plex problem. The results, as presented in 1] 
pages at end of the book, give an excellent 
inalysis of the effects of biological, social 
ind personal factors in a -differentiation of 
male and female conduct disorders in crime 
In this respect it will prove of great value to 
the psvchologist, sociologist, and criminol- 
ogist 

The extensive statistical studies of crime 
reports in the United States. Great Britain 
ind Continental Europe, while exhaustively 
done, de monstrate the futility of such mixed 
statistical studies. For example, prostitution 
is a crime in the United States and is 
included in the criminal statistic s; it is not 
so accepted in Continental Europe, vet sta- 
tistical studies are based upon such a faulty 
interpretation. While the Author calls atten 
tion to this, the results are nevertheless 
confusing. It appears to the Reviewer that the 
time and effort spent in the preparation of 
this volume. if devoted to an analysis of 
uniform crime statistics from a single source 
would prove of greater value. 

In the records of the 490.000 cases of the 
Municipal Court of Philadelphia. covering a 
period of 30 vears, 220,000 are careful 
detailed studies of delinquent and criminal 
cases. The material of this Court covers the 
entire field of criminality. The division of 
juvenile delinquency, women’s criminal divi- 
sion, the men’s misdemeanant’s division. the 
women's misdemeanant’s division, and the 
men’s criminal division. could give. statistics 
which are uniform in character and based on 
scientific studies such as would be found 
nowhere else in the world. An analvsis of 
these statistics would, if added to the present 
volume in a future edition. make this an 
outstanding contribution to this subiect in the 


world today D. McC. 


\rLAS OF HuMAN ANATOMY. By M. W 
WOoERDEMAN, M.D.. Prof. of Anatomy, Univ 
of Amsterdam. In 2 vols. Plates 512. 642 
Phila.: Blokiston, 1950. Price, $18 00. 
Tuts entirely new and oricinal atlas con- 
sists of 1154 illustrations. All drawings and 
diagrams are completely labeled but there is 
no descriptive or exvlanatorv text. The accu- 
racy and high quality of the drawings and 
their excellent reproduction constitute an 
important addition to anatomical illustration 
Most of the drawings are renroduced withont 
color. The Authors’ “guiding  princinle 
thronghout has been that each senarate plate 
should be a true representation of its physical 


counterpart’, and should show details derived 
trom only one dissection. With several of the 
heretofore standard atlases of anatomy out 


of print, this atlas will be a welcome addition. 


to books readily available for teaching and 


reference. The nomenclature is entirely in 
Latin and adheres closely to the Bask 
Nomina Anatomica 


Vesauius. THe Frou His 
Wonks. By ]. B. peC. M. Saunners, Unis 
of California, and Cuarres D. O'MALLEY 
Stanford Univ. Pp. 248; 96 ills. Cleveland 
Ohio: World Pub. Co., 1950. Price, $10.00 

No small part of the value of this latest 
20th century tribute to Vesalius is the 32 
page Introduction by these 2 accomplished 
students of 16th century Anatomy and Med 
icine and especially of this great figure. With 
the permission of the New York Academy 
of Medicine and the Librarv of the Universit, 
of Munich, joint publishers of Andrea 
Vesaii Bruxellensis Icones Anatomice. the 
Authors have reproduced the illustrations 
which had been printed from. the original 
wood blocks in 1934, unhanvpily destroved 
by bombs in the recent World War. Ninety 
six beavtiful full pave cuts from the 7 books 
of the Fabrica, the Epitome. the Venesection 
Letter, and the Tabula Sex, are presented 
each with a translation of Vesalius’ own 
legend (in italics), and annotations bv the 
Authors. Woven into a picture of Vesolius’ 
life. personalitv and peregrinotions are details 
of his scientific productions. his illustr-tions 
Ovorinus the printer, and the political fivures 
who determined the latter phases of 
CarecT. 

Thus, the Authors achieve their purpos: 
of making availoble at modest price authentic 
revroductions of these hiehly important books 
with explanetions that make them mean more 
to the reader than do the almost unobtainable 
originals themselves. Both publishers and 
authors have made a significant contribution 
to medical history E.K 


Movern Practice ix Deraatorocy. Edited 

by G. B. M.D... Univ. of 
London Pp. 836: 319 ills., 7 color plotes 
New York: Paul B. Hoeber, 1950. Price 
$12 50. 

has collated the contri 
butions of his 40 collaborators into a uni 
that should have appeal to certain groun: 
of the American medical public. For th 
dermatolovist this volume. in snite of it 
size, is rather sketchy and certoinly woul 
not serve as a snitable source book. For th: 
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internist and other non-dermatological —spe- 
cialists, there is much well presented material. 
For the practitioner and medical student the 
presentation is lucid and superior to the 
usual compendium or handbook type of ex- 
position. 

The Authors of the various sections 
for the most part, younger progressive derma- 
tologists of the British Empire. They have 
prepared the material in a reasonably uni- 
form manner, but there are some parts of 
the volume which deserve special mention, 
namely, Animal Diseases Transmissible to 
Man; Skin Diseases of Warm Climates; Der- 
matoses Caused by Protozoal, Bacterial and 
Virus Infections; Non-Communicable Derma- 
toses Especially Common in Warm Climates; 
Disorders of the Skin and Ocular Involve- 
iment; Biopsy: its Indications and Technique. 
Among the more sketchy presentations is that 
on Syphilis; although written by a recognized 
iuthority, the division ot 
syphilis into stages is used. Physiotherapy 


H.B 


are, 


now obsolete 


iso is given short. shrift. 


Sin Oster Apnorisms. Collected 
by Ronertr BeNnNetrr Bean, M.D. Edited by 


Bennerr Bean, M.D. Pp. 159. 
New York: Henry Schuman, 1950. Price, 
$2.50 

luis devotee’s’ collection of Oslerian 


aphorisms follows, but in much expanded 
form, its Editor’s “Mosaic” published in the 
Osler Centennial Number of the Archives of 
Internal Medicine in July, 1949, and is in no 
way a repetition of Camac’s “Counsels and 
Ideals”. It has an interesting provenance that 
is described in the Introduction. The 357 items 
are grouped according to their subject matter 
into 6 (the Medical Student, the 
Ethos, the Patient, the great Republic of 
Medicine, Epitomes, Epitaphs). Some of these 
strike a familiar note, but more are new, at 
least to the Reviewer—himself an Osler fan— 
and are often as freshly informal as one would 
expect in casual remarks by Osler made on 
hospital rounds. The booklet is well conceived 
and will be welcomed on 
shelves of Osleriana, especially by those who 
cherish the memory of or wish to know more 
ibout this greatest of modern medical human- 


ists, E.K. 
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ind executed, 


Bone AND JornT Diskases. By J]. VERNON 
Luck, M.D., Ass’t Clinical Prof. of Ortho- 
pedic Surgery, Univ. of Southern California. 
Pp. 640; 703 ills., 21 in color. Springfield, 
Ill.: Charles C Thomas, 1950, Price, $16.50. 
Tris very interesting book fulfills a need 

in the correlation of the clinical features of 


REVIEWS AND 


NOTICES NOD 
bone and joint diseases to the pathological. It 
is a practical text that should be of particular 
value to the Resident in orthopedic surgery 
as well as the Clinician. It is fairly expensive. 
but the illustrations, especially the excellent 
color plates, give a vivid and striking clarity 
to the text. Dr. Luck is to be congratulated 


on presenting such a timely and useful book. 
PC. 


Hormones. Edited by Epcar 5S. 
Gorvon. Pp. 396; 117 figs. Madison: Univ. 
of Wisconsin Press, 1950. Price, $6.50. 

A Symposium on Steroid Hormones was 
held at the University of Wisconsin in Sep- 
tember 1948. This book contains the major 
papers and the proceedings of some of the 
round table conferences. Leading authorities 
have presented various aspects of the chem- 
istry, biosynthesis, and excretion, 
relation of structure to function and so forth, 
as well as the biological effects of steroids. 
Vhis last includes studies of their effect on 
onvalescence, enzyme systems, carcinogenesis, 
the anterior pituitary and many other facets 
of the subject. All but a few of the papers 
have bibliographies. There are many excellent 
charts and diagrams. Despite the fact that the 
material was presented 2 vears ago, it will 
be of considerable interest and can be recom- 
mended to investigators and students of this 
vital, rapidly expanding field. F.D. 


AN Arias or HumMAN Anatomy. By Barry 
Anson, Ph.D., Prof. of Anatomy, Northwest- 
erm Univ. Pp. 518. Phila. W. B. Saunders, 
1950. Price, $11.50 

For this atlas, the culmination of many years 
of study and teaching experience, no one is 
better qualified than Dr. Anson, as is generally 
agreed to by anatomists. The book is designed 
for both teaching and reference. It consists of 
line drawings and half tones, many of them 
with color, and a few photographs. Brief 
descriptive text accompanies most of the 
plates. The book will undoubtedly be widely 
used and is one of the most important recent 
additions to this field. R.W. 


PrRincipLes OF PuBLIC HEALTH ADMINISTRA- 


TION. By Joun J. M.S., M.D., 
M.P.H., Assoc. Prof., Univ. of Michigan. 


Pp. 506; 48 ills. St. Louis: C. V. Mosby. 

1950. Price, $6.00. 

Tuts book is a timely contribution to the 
expanding concepts of Public Health. In addi- 
tion to describing recognized administrative 
aspects, it considers much broader aspects, 
such as the philosophy of public health, the 
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socio-economic justification otf public health 
activities, legal aspects and the relationship 
between public health and individual medical 
care. In discussing the customary functions of 
a health department, the Author not only gives 
a good description, but often points to possible 
improvement. 

One might wish that Industrial Health were 
given fuller treatment, also, more of recent 
data given in certain of the sections, to corre- 
spond to the rapid development in the field of 
public health. Worthy of particular note is the 
chapter on Socio-economic justification, in 
which the Author evolves an intriguing scheme 
to give a monetary equivalent to health and 
lite and, conversely, to the economic loss due 
to illness and death. 

Here is a very readable book which should 
be of value, not only to the student and 
administrator of public health but also to 
the practicing physician who, together with 
the health official, is responsible for the health 
of the public 


NEW BOOKS 


La Lutte contre le Cancer par la Physique 
nucleaire et [Acupuncture chinoise. By 
Gerarp Bourceors. Pp. 43. Paris: Librairie 
Vega, 1950. Price not given. 


Neuroses and Sacraments. By ALAN KEENAN, 
O.F M. Pp. 163. New York: Sheed and 
Ward, 1950. Price, $2.50 


Colloid Chemistry. Vol. VIL. Edited by 
JEROME ALEXANDER. Pp. 736; illustrated 
New York: Reinhold, 1950. Price, $15.00 


Head Injury. By Josern P. Evans, 
M.D., Univ. of Cincinnati. American 
Leet. Ser. 60. Pp. 116; 24 ills. Springfield, 
Ill.: Charles C Thomas, 1950. Price, $2.25 


Facial Paralysis. By |. Parkes Fixnpvay, M.B., 
Ch.M., Sydney Hosp. Pp. 47; 15 ills. Syd- 
ney, Australia: Angus & Robertson, 1950 
Price, 17/6 


Freud: Dictionary of Psychoanalysis. Edited 
by Nanpor Fopor and Frank Gaynor 
Pp. 208. New York: Philosophical Library 


1950. Price, $3.75 


Sexual) Behavior in Society. By Dr. Avex 
Comrorr, Lecturer in Physiology, London 
Hospital Medical College. Pp. 154. New 
York: Viking Press, 1950. Price, $2.75 


Significance of the Body Fluids in Clinical 
Medicine, By L. H. Newsurcu, M.D.. and 
ALEXANDER Leap, M.D. American Lect 
Ser. 69. Pp. 76; 15 figs. Springfield, 1 
Chark s ¢ Thomas 1950 Price, $2.00 
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Segment-therapie. Von Max Kisver. Pp. 113: 
23 ills. Stuttgart, Germany: Marquardt & 
Cie., 1950. Price, D.M.9.50. 


Cerebral Palsy. By Joun F. Pout, M.D. Pp. 
224; 130 ills. St. Paul, Minn.: Bruce Pub 
Co., 1950. Price, $5.00. 


On the Experimental Morphology of — the 
Adrenal Cortex. By Hans Sevyr, M.D., and 
Stone, B.Sc., Univ. of Montreal 
American Lect. Ser. 74. Pp. 105. Spring 
field, Ill.: Charles C Thomas, 1950. Price. 
95 

THis monograph deals with the Authors’ exper- 
iments on the effect of dietary variations and 
hormone injections on weights and histological 
appearance of adrenals (chiefly in hematoxylin- 
eosin sections) in rats which usually have been 
unilaterally nephrectomized. Interpretations of the 
functional significance of the data will be of 


interest to those engaged in research on_ the 
adrenal T. 


Asphyxia Neonatorum. By F. 
pLeE, Ph.D., Sc.D., Prot. of Anatomy, Univ 
of Penna. American Lect. Ser. 52. Pp. 70 
Y ills. Springfield, Ill.; Charles © Thomas 
1950. Price, $2.00 

booklet consists of a series of lectures 
dealing with the anatomy, embryology, and physi 
ology of the circulatory and respiratory systems of 
the fetus and the new born. In addition, there is 
an account of experimental work done on the 

problem of asphyxia neonatorum 


NEW EDITIONS 


Eyes Industry (Formerly Industrial 
Ophthalmology). By Hepwic S. M.D. 
2d ed. Pp. 378; 151 ills., 3 in color. St 
Louis: C. V. Mosby, 1950. Price, $8.50. 


Renal Diseases. By E. T. Betz, M.D., Prof 
of Pathology, Univ. of Minnesota. 2d ed 


Pp. 448; 123 ills. 4 color plates. Phila. 
Lea & Febiger, 1950. Price, $8.00 

“No changes have been made in the basic plan 
of the monograph, but since about 18,000 addi- 
tional autopsies have been surveyed a larger group 
of cases of each disease is available for study 
The chapters on tubular diseases and extrarenal 
azotemia have been enlarged. The recent additions 
to the literature have been incorporated into the 
text.”’ (Preface.) 


MeClung’s Handbook of Microscopical Tech 
nique. Edited by Jones, 
Prof. of Biology, Winthrop College. 3d ed 
Pp. 790; 157 ills. New York: P. B. Hoeber 
1950. Price, $12.00 

Tuts edition of a well-known and highly use- 
ful handbook follows an established pattern, but 
the subject matter has been regrouped to a more 
useful arrangement. The book has been expanded 
by about 40 pages, much of which is given to the 
first section: General Procedures and Information 
The following completely new material has been 
added: the phase microscope and its applications 
preparation of materials for electron microscopy. 

ind discussions of the radio autographic method 

ind polarization microscopy H.R 
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